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ANG 

ASTM 

Anisotropy 

alluvium 

aquifer 

Avgas 

BEE 

Burnfill 

CERCLA 

cm/s 

confined 

DEQPPM 

DoD 

f eet/day 
PID/GC 


ACRONYMS ,  DEFINITIONS ,  NOMENCLATURE , 
UNITS  OP  MEASUREMENT 


Air  National  Guard 

American  Society  for  Testing  and  Materials 

Condition  of  having  different  properties  in 

different  directions 

sedimentary  materials  deposited  in  an  envir¬ 
onment  of  flowing  surface  waters 

zone  beneath  the  earth's  surface  capable  of 
producing  water  for  a  well 

aviation  gas  (fuel) 

Bio-Environmental  Engineering 

Solid  wastes  that  have  been  burned  prior  to 

covering  or  filling 

Comprehensive  Environmental  Response  Compen¬ 
sation  and  Liability  Act  of  1980 

centimeters  per  second 

an  aquifer  condition  in  which  the  more  perme¬ 
able  materials  are  confined  between  two  less 
permeable  strata,  and  in  which  artesian  pres¬ 
sures  cause  water  to  rise  in  wells  to  levels 
above  the  base  of  the  upper  confining  stratum 

Defense  Environmental  Quality  Program  Policy 

Department  of  Defense 

feet  per  day 

Flame  ionization  detection/gas  chromatographic 
techniques 
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groundwater  a  theoretical  dividing  line  in  the  water  table 
divide  on  each  side  of  which  the  water  table  slopes 

away,  forming  a  boundary  between  separate 
groundwater  basins 

GC  gas  chromatographic  analytical  instrument  or 

method 

gneiss  A  coarse-grained,  metamorphic  rock  consisting  of 

banded,  linearly  oriented  minerals 

gpm  gallons  per  minute 

gpd  gallons  per  day 

HARM  Hazard  Assessment  Rating  Methodology 

HNu  a  common  brand  name  for  a  volatile  organic  vapor 

photoionization  detection  meter 

hydraulic  ratio  of  flow  velocity  to  driving  force  for 

conductivity  viscous  flow  of  water  under  saturated  condi¬ 
tions  in  a  porous  medium,  or  volume  of  water 
that  can  move  per  unit  time  through  a  unit  area 
of  aquifer  under  a  unit  hydraulic  gradient 

hydraulic  rate  of  change  in  pressure  or  hydraulic  head  in 

gradient  groundwater  over  a  given  distance  of  flow 

IRP  Installation  Restoration  Program 

JP-4  jet  fuel 

K  common  symbol  for  hydraulic  conauctiv.’ty 

ug/g  micrograms  per  gram  (equal  to  mg/kg,  and  equiva¬ 

lent  to  parts  per  million  in  sol;.ds) 

ug/L  micrograms  per  liter  (equivalent  to  parts  per 

billion  in  water) 

mg/L  milligrams  per  liter  (equivalent  to  parts  per 

million  in  water) 

mgd  million  gallons  per  day 

Mogas  motor  fuel 
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moraine 
( terminal ) 

MSL 

N 

OANGB 

OEHL 

outwash 

P.G. 

Ph.D. 

Podzols 

POL 

potentiometric 

(piezometric) 

surface 

Ppb 

ppm 

RCRA 

SNARL 


accumulation  of  mixed  sediments  deposited  on 
the  ice  margin  of  a  glacier 

mean  sea  level 

north 

Otis  Air  National  Guard  Base 

Occupational  and  Environmental  Health 
Laboratory 

relatively  coarse,  well-sorted  sediment 
deposited  by  melt  water  streams  beyond  the 
margin  of  a  glacier 

Registered  Professional  Geologist 

Doctor  of  Philosophy  degree 

zonal  soil  having  surface  layer  of  mats  of 
organic  material  overlying  gray  leached 
horizons  and  dark  brown  illuvial  horizons 

petroleum  oil  and  lubricants 

surface  defined  by  the  levels  to  which 
water  will  rise  in  wells  penetrating  a 
single  aquifer,  caused  by  hydrostatic 
pressure 

parts  per  billion  (equivalent  to  ug/L  in 
water ) 

parts  per  million  (equivalent  to  mg/L  in 
water ) 

Resource  Conservation  and  Recovery  Act  of 
1976 

"Suggested  No  Adverse  Response  Level";  see 
20  August  1981  EPA  memo  (Appendix  J).  A 
"SNARL"  is  a  suggested  guidance  criterion. 
It  is  not  a  federally  adopted  drinking  water 
standard  nor  has  it  been  incorporated  as  a 
performance  regualation  in  other  federal 
environmental  legislation 


semi -confined 


an  aquifer  condition  in  which  the  confining 
strata  above  the  aquifer  are  not  laterally 
continuous . 


specific 

capacity 

square  feet /day 
transmissivity 

unconfined 

unconsolidated 

sediments 

USAF 

U.S.  EPA 
USGS 

Vadose  Zone 

VOA 

water  table 


the  sustained  yield  of  a  well  divided  by  the 
drawdown  in  that  well  after  a  stabilized  pump¬ 
ing  condition  is  obtained  (reported  in- 
gpm/foot ) . 

square  feet  per  day 

the  volume  of  water  that  can  move  through  an 
aquifer  per  unit  time  per  unit  width  of  a  satu¬ 
rated  layer  under  a  unit  hydraulic  gradient. 

an  aquifer  condition  in  which  the  water  table 
forms  the  upper  boundary 

sediments  that  are  uncemented  and  thus  include 
interconnected  void  space  (primary  porosity) 
that  allows  storage  and  transmission  of 
significant  volumes  of  groundwater. 

United  States  Air  Force 

United  States  Environmental  Protection  Agency 

United  States  Geological  Survey,  Department  of 
the  Interior 

unsaturated  zone  above  the  water  table;  area 
that  contains  soil  vater  under  unsaturated 
conditions 

volatile  organic  and  aromatic  hydrocarbon  com¬ 
pounds. 

the  level  below  which  earth  materials  are 
saturated  with  water. 
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APPENDIX  B 


SCOPE  OF  WORK 


TASK  ORDER  0028-01 


NtPlT  TO 

ATTN  O' 


CUSJCCT 


DEPARTMENT  OF  THE  AIR  FORCE 

USAE  OCCUPATIONAL  and  ENVIRONMENTAL  health  LABORATORY  (APSC) 

__  t^hOORS  AIR  FORCE  BASE.  TEXAS  7IJJS 

RECE^VEU 

18  JUL  1904 

TS  _v"  F  VvE3TON.^C 

ROXX‘gQSP  OPflC£ 

F336l5-o€MITiirtr0b ,  Order  28,  Proposed  Modification  1  (IRP  Stage  1,  Otis  ANGB) 


Roy  F  Weston 
Attn:  Pete  Marks 
Weston  Way 

West  Chester  PA  19380 


1.  The  Government  is  contemplating  assignment  of  the  delivery  order  described 
in  Atch  1  hereto  under  the  subject  contract =  Pertinent  details  are  included 
in  Atch  1  and  herein.  Request  Contractor  complete  paragraph  2  below  within 
the  limits  set  forth  by  Paragraph  3  below: 

2.  Order  Prices  and  Other  Elements: 


a.  Item  0001  -  Hours  of  Effort  and  Prices:  A 
Hours  Category  Unit  Price 


laiai  irls& 


b.  Item  0002  -  Support:  $ 

Based  on  the  following  estimates: 

Sampling  Bottles: 

Shipping: 

Travel/ Per  Diem: 

Supplies: 

Indirect  Costs: 

Subcontract : 

c.  Item  0003  (Software):  N/A 


3.  Desired  Start  Date:  84  SEP  10 

Estimated  Completion  Date:  85  DEC  30 


performance  of  this  order  shall  not  proceed  until  the  Contractor  receives 
a  formal  delivery  order  or  verbal  instructions  from  the  Contracting  Officer. 

5.  If  the  Xontractor  concurs  with  the  order  conditions  specified,  be  shall  so 
indicate  by  signing  and  forwarding  two  oopies  of  this  letter  to  USAF  OEHL/TS, 
Brooks  AFB  TX  78235.  If  he  does  not  agree  with  any  of  the  conditions,  be 
shall  call  USAF  OEHL/TS  to  discuss  proposed  changes. 


EMILE  BALADI 

Chief,  Technical  Services  Division 


1  Atch 

Task  Description 
cc:  ASD/PMRSC 


APPROVED 


D 


CHRISTOPHER  D.  MILLER 
Contracting  Officer 


The  Contractor  hereby  concurs  in  the  Order  conditions  set  forth  above  and  will 
perform  accordingly. 


Signat  ure: 


Title: 


Date: 
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INSTALLATION  RESTORATION  PROGRAM 
Phase  II  Field  Evalluation 
Otis  ANGE  MA* 


X.  The  purpose  of  this  task  Is  to  determine  if  environmental  contamination 
has  resulted  from  waste  disposal  practices  at  Otis  ANGB  MA;  to  provide  esti¬ 
mates  of  the  magnitude  and  extent  of  contamination,  should  contamination  be 
found;  to  identify  potential  environaental  consequences  of  migrating  pollu¬ 
tants;  to  identify  any  additional  investigations  and  their  attendant  costs 
necessary  to  identify  the  magnitude,  extent  and  direction  of  movement  of 
discovered  contaminants. 

The  presurvey  report  (mailed  under  separate  cover)  and  Phase  I  IRp  report 
(mailed  under  separate  cover)  incorporated  background  and  description  of  the 
sites  for  this  task.  To  accomplish  the  survey  effort,  the  contractor  shall 
take  the  following  steps: 

A.  General 

1 .  Determine  the  areal  extent  of  each  3ite  and  zone  by  reviewing 
available  aerial  photos  of  the  base,  both  historical  and  the  mo3t  recent 
panchromatic  and  infrared. 

2.  Locations  where  surface  water  sampler  are  collected  shall  be 
marked  with  a  permanent  marker,  and  the  location  recorded  on  a  site/zone  map. 

3.  A  total  of  eleven  monitoring  wells  shall  be  installed.  The  exact 
location  of  wells  shall  be  determined  in  the  field. 

4.  Ground-water  monitoring  wells  shall  comply  with  U.S.  EPA  publi¬ 
cation  330/ 9-81-002,  NEIC  jjftfiaftl  Xsr  Groundwater/Subsurface  investigations  at 
Hazardous  Waste  Sites,  and  State  of  Massachusetts  requirements  for  monitoring 
well  installation.  Only  screw  type  joints  shall  be  used.  Glue  fittirgs  are 
not  permitted. 

5.  The  contractor  shall  not  perform  gravel  packing  of  wells.  Opon 
withdrawal  of  augers,  formation  sand  shall  be  allowed  to  collapse  around  the 
screened  zone.  Any  additional  packing  of  the  screened  zone  shall  be  done 
using  suitable  native  material. 

6.  Veils  shall  be  of  sufficient  depth  to  collect  samples  representa¬ 
tive  of  aquifer  quality  and  to  intercept  oontaminants  if  they  are  present. 
Veils  installed  during  this  effort  shall  be  constructed  with  50  feet  of  well 
screen  below  the  water  table  unless  otherwise  noted.  All  wells  shall  be 
developed,  water  levels  measured,' and  locations  surveyed  and  recorded  on  a 
site  map. 


7.  All  water  samples  shall  be  analyzed  on  site  by  the  contractor  for 
pH,  temperature,  and  specific  conductance.  Sampling,  maximum  holding  time, 


*Highlights  of  modification  underscored 


and  preservation  of  samples  shall  comply  strictly  with  the  following  refer¬ 
ences;  Standard  Methods  for  the  EtaiM  nation  of  Water  and  Wastewater.  15th  Ed. 
(1980),  pp  35-42;  ASTM.  Section  11,  and  Methods  for  Chemical  Analysis  of 
Haters  and  Wastes.  EPA  Manual  600/4-79-020,  pp.  xiii  to  xlx  ( 1979) -  All  water 
samples  shall  be  analyzed  using  minimum  detection  levels,  as  specified  in 
Attachment  1 . 

8.  Field  data  collected  for  each  site/zone  shall  be  plotted  and 
mapped.  The  nature  of  contamination  and  the  magnitude  and  potential  for  cor>- 
taminant  flow' within  each  site/zone  to  receiving  streams  and  ground  waters 
shall  be  determined  or  estimated.  Upon  completion  of  the  sampling  and  analy¬ 
sis,  the  data  shall  be  tabulated  in  the  next  R&D  Status  Report,  as  specified 
in  Item  71  below. 

B.  In  addition  to  items  delineated  in  A  above,  the  contractor  shall 
conduct  the  following  specific  actions  at  sites  Identified  on  Otis  ANGB  MA. 

1 .  Site  1 .  Base  Landfill 

a.  Define  boundaries  of  the  landfill  using  a  backhoe. 

b.  Install  four  perimeter  monitoring  wells  downgradient  of  this 
site  (wells  1.  2A.  3A.  41. 

c.  Perform  split-spoon  sampling  during  well  drilling. 

d.  Collect  one  ground-water  sample  from  each  well. 

e.  Analyze  each  ground-water  sample  for  Total  Organic  Carbon 
(TOC),  Total  Organic  Halogens  (T0Z),  Oil  A  Grease- infrared  method  (O&G/IR), 
cyanide,  phenol,  PCB,  iron,  copper,  cadmium,  chromium,  lead,  arsenic,  nickel, 
and  the  Safe  Drinking  Hater  Act  pesticides  listed  in  Attachment  1. 

Lm — Collect  a  second  ground-water  sample  from  each  well. 

— Analyze  the, second,  round  of  samples  from  wells  1.  2A.  3A.  and 
4.  for  hardness,  total  dissolved  iron,  sulfate,  chloride,  nitrate  nitrogen. 
Total  ITieldahl  nitrogen,  ammonia  ni  t.r0gen.  TOC.  Phenol,  volatile  organics 
(VQC).  xylene,  methyl  ethyl  ketone  (MEAK  and  methyl  lsobutvl  ketone,  and 
perform  an  infrared  scan  to  distinguish  petroleum  fractions. 

2.  Site  2.  Current  Fire  Training  Area 

a.  Perform  a  test  pit  investigation  using  a  baokhoe.  Trench 
surfaces  shall  be  screened  for  organic  vapors  using  an  Organic  Vapor  Analyzer 
(OVA)  and  a  HMD  Photoionizer  (HNU) .  a  maximum  of  ten  soil  samples  shall  be 
collected  from  suspect  areas  in  the  trenches. 


b.  Analyse  each  soil  sample  for  TOX,  04G/IR,  and  lead. 


S  and  6K 


c 


Install  two  monitoring  wells  downgradient  of  this  site  (wells 


d.  Perform  split-spoon  sampling  during  well  drilling. 

e.  Collect  one  ground-water  sample  from  each  well. 


f.  Analyze  each  ground-water  sample  for  TOC,  TOX,  O&G/IB,  PCB, 

and  lead. 


3.  Zone  1.  Former  Fire  Training  Area  and  NOI  Shop 


a.  perform  a  teat  pit  investigation  using  a  backhoe  at  the 
suspect  site  and  adjacent  swale.  Trench  surfaces  shall  be  screened  for 
organic  vapors  using  an  OVA  and  HNU.  A  maximum  of  six  soil  samples  shall  be 
collected  from  suspect  areas  in  the  trenches. 

b.  Each  soil  sample  shall  be  analyzed  for  TOX,  O&G/IB,  and  lead. 

c.  Collect  one  liquid  and  one  sludge  sample  from  the  drain  sump 
at  the  NDI  Shop.  The  liquid  sample  shall  be  analyzed  for  TOC,  TOX,  O&G/IB, 
and  lead.  The  sludge  sample  shall  be  analyzed  for  TOX,  O&G/IB,  and  lead. 

d.  Install  one  monitoring  well  downgradient  of  this  site 

(WU  7). 

e.  Perform  split-spoon  sampling  during  well  drilling. 

f.  Collect  one  ground-water  sample  from  the  well. 

g.  The  ground-water  sample  shall  be  analyzed  for  TOC,  TOX, 
O&G/IB,  and  lead. 


fcrsflrtgg. 


C.  Veil  Installation  and  Clean-Op 


All  well  drill  cuttings  shall  be  removed  and  the  general,  area  cleaned 
following  the  completion  of  each  well.  Only  those  drill  cuttings  suspected 
of  being  a  hazardous  waste  (based  on  discoloration,  odor,  or  organic  vapor 
detection  Instrument)  shall  be  properly  containerized  (according  to  local 
civil  engineering  office  requirements)  by  the  contractor  for  eventual 
government  disposal.  The  suspected  hazardous  waste  shall  be  tested  (maximum 
of  five  samples)  by  the  contractor  for  EP  Toxicity  and  Ignltablllty .  The 
contractor  is  not  responsible  for  ultimate  disposal  of  tbe  drill  cuttings. 
Disposal  will  be  conducted  by  base  personnel. 

D.  Data  Review 

Results  of  sampling  and  analysis  shall  be  tabulated  and  incorporated 
into  the  monthly  R&D  Status  Reports,  and  forwarded  to  the  USAF  OEHL  for  review 
as  soon  as  they  become  available,  as  specified  in  Item  VI  below. 

E.  Reporting 

1.  A  draft  report  delineating  all  findings  of  this  field  investiga¬ 
tion  shall  be  prepared  and  forwarded  to  the  OSAF  OEHL,  as  specified  in  Item  VI 
below,  for  Air  Force  review  and  comment.  This  report  shall  include  a  discus¬ 
sion  of  the  regional  hydrogeology,  well  logs  of  all  project  wells,  data  from 
water  level  surveys,  water  quality  analysis  results,  available  geohydrologic 
cross  sections,  ground-water  surface  and  gradient  vector  maps,  any  available 
vertical  and  horizontal  flow  vectors,  and  laboratory  quality  assurance  infor¬ 
mation.  The  report  shall  follow  the  USAF  OEHL  supplied  format  (mailed  under 
separate  cover). 

2.  Estimates  shall  be  made  of  the  magnitude  and  direction  of  move¬ 
ment  of  contaminants  discovered.  Potential  environmental  consequences  of 
discovered  contamination  shall  be  identified  or  estimated.  Vbere  survey  data 
are  insufficient  to  properly  determine  or  estimate  the  magnitude  and  direction 
of  movement  of  discovered  contaminants,  fully  justified  specific  recommenda¬ 
tions  shall  be  made  for  additional  efforts  required  to  properly  evaluate 
contamination  migration. 

3.  Cost  Estimates:  The  contractor  shall  provide  cost  estimates  for 
all  additional  work  recommended  to  permit  proper  determination  of  contami¬ 
nants.  The  recommendations  provided  shall  include  all  efforts  required  to 
determine  the  magnitude  and  direction  of  movement  of  discovered  contaminants 
along  with  an  estimate  of  the  time  required  to  accomplish  the  proposed  effort. 
This  information  shall  be  provided  in  a  separately  bound  appendix  to  the  draft 
final  report. 

F.  Meetings 

The  contractor’s  project  manager  shall  attend  one  meeting  with  Air 
Force  headquarters  and  regulatory  agency  personnel  to  take  place  at  a  time  to 
'  be  specified  by  the  USAF  OEHL.  The  meeting  shall  take  Place  at  Otis  AMGB  for 
a  duration  of  one  day  (eight  hours). 
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II.  Site  Location  and  Dates 


Otis  ANGB  MA 
102  FIV/DEE 

Dates  to  be  established 

III.  Base  Support:  None 

IV.  Government  Furnished  Property:  None 

V.  Government  Points  of  Contact 

1.  ILt  Dulcie  Weisman  2. 

USAF  OEHL/ECQ 
Brooks  AFB  TX  78235 
(512)  536-3305 
AV  240-3305 

3.  Lt  Col  Michael  Washeleskl 
ANGSC/SGB 

Andrews  AFB  MD  20331 
(301)  981-5926 
*V  858-5926 

a 

VI.  In  addition  to  sequence  numbers  1  ,  5  and  11  which  are  applicable  to  all 
orders,  the  reference  numbers  below  are  applicable  to  this  order.  Also  shown 
are  data  applicable  to  this  order. 

& 

Forward  a  copy  of  the  RAD  Status  Report  to  all  government  POCs  identified 
in  Section  V. 

Sequence  Nr  Block  10  Block  11  Block  12  Block  13  Block  14 
4*  ONE/R  84  FEB  20  31  JAN  85  15  MAY  85  • 


Mr.  George  Surds trom-  - 
102  FIW/DEE 
Otis  ANGB  MA  02542 
(617)  968-4W© 

AV  557-4730 


•Contractor  shall  supply  the  0SAF  0EHL  with  20  copies  of  the  draft  report  and 
50  copies  plus  the  original  camera  ready  copy  of  the  final  report. 


Level  of  Detection 
Required 

No.  of  Samples4 

TOC 

1  mg/L 

7w 

TOX 

5  ug/L  (waters) ; 

5  ug/g 

(soil) 

o&g/zr 

0.1  mg/L  (waters) 

;  100  ug/g  (soil) 

2w 

cyanide 

10  ug/L 

phenol 

PC B 

1  uq/L  (waters); 

1  ug/g 

(soil) 

llw  t  8s 

0.25  ug/L 

iron  (total  dissolved) 

100  ug/L 

4w 

copper 

50  ug/L 

• 

cadad.ua 

10  ug/L 

chromium 

50  ug/L 

lead 

20  ug/L  (waters); 

2  ug/g 

(soil) 

4w ,  8s ,  2b 

arsenic 

10  ug/L 

nickel 

100  ug/L 

endrin 

0.02  ug/L 

lindane 

0.01  ug/L 

methoxychlor 

0.2  ug/L 

toxaphene 

1.0  ug/1 

2,4-D 

0.06  ug/L 

2 ,4,5-TP  silvex 

0.02  ug/L 

xvlene 

1  uq/L 

7w 

methyl  isobutyl  ketone 

1  ug/L 

7w 

methyl  ethyl  ketone 

1  ug^L 

7w 

sulfate 

1  ug/L 

chloride 

1  ug/L 

4w 

hardness 

— 

4w 

infrared  scan 


7* 


ammonia 


4v 


hydrocarbon  GC  scan 

-- 

4w ,  Rs , 

Total  Kieldahl  Nitrogen 

4w 

nitrate 

0.1  mq/L 

4w 

VOC 

* 

llw,  4s 

base/neutrals  and  acids 

** 

2b 

NOTES : 

a  Applies  to  second  round  of  samples  at  Sites  1  and  2,  and  Zone  1,  and  all 
samples  at  Sites  3,  4,  and  S.  ~  ~~ 

<  ~  water  s  =  soil  b  =  bulk  liquid 

*  Detection  levels  for  volatile  aromatics  and  volatile  halocarbons  shall  be  as 
specified  in  EPA  Methods  601  and  602. 

**  Detection  levels  for  base/neutrals  and  acids  shall  be  as  specified  in  EPA 
Method  625. 

If  drill  cuttings  are  suspected  of  being  hazardous  material,  five  samples  shall  be 
tested  for  EP  Toxicity  and  Ienitabilifv  ~  —— 
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BIOGRAPHIES  OF  KEY  PERSONNEL 


Fields  of  Competence 

Project  management;  environmental  analytical 
laboratory  analysis;  hazardous  waste,  groundwater  and 
soil  contamination;  source  emissions/ambient  air 
sampling;  wastewater  treatment;  biological  monitoring 
methods;  and  environmental  engineering. 

Experience  Summary 

Eighteen  years  in  Environmental  Laboratory  and  En¬ 
vironmental  Engineering  as  Project  Scientist,  Project 
Engineer,  Process  Development  Supervisor,  and 
Manager  of  Environmental  Laboratory  with  WESTON. 
Experience  in  analytical  laboratory,  wastewater  surveys, 
hazardous  waste,  groundwater  and  soil  contamination, 
DoD-specific  wastes,  stream  surveys,  process  develop¬ 
ment  studies,  and  source  emission  and  ambient  air 
testing.  In-depth  experience  in  pulp  and  paper,  steel, 
organic  chemicals,  pharmaceutical,  glass,  petroleum, 
petrochemical,  metal  plating,  food  industries  and  DoD. 

Applied  research  on  a  number  of  advanced  wastewater 
treatment  projects  funded  by  Federal  EPA. 

Credentials 

8.S.,  8iology— Franklin  and  Marshall  College  (1963) 

M.S.,  Environmental  Engineering  and  Science— Drexel 
University  (1965) 

American  Society  for  Testing  and  Materials 

Water  Pollution  Control  Federation 

Water  Pollution  Control  Association  of  Pennsylvania 

Employment  History 

1965-Present  WESTON 

1963-1964  Lancaster  County  General  Hospital 

Research  Laboratory  for  Analytical 
Methods  Development 


Peter  J.  Marks 


Key  Projects 

USAF/OEHL  Brooks  AFB.  Program  Manager  for  this 
three-year  BOA  contract  provides  technical  support  in 
environmental  engineering  surveys,  wastewater 
characterization  programs,  geological  investigations, 
hydrogeological  studies,  landfill  leachate  monitoring 
and  landfill  siting  investigations,  bioassay  studies, 
wastewater  and  hazardous  waste  treatability  studies, 
and  laboratory  testing  and/or  field  investigations  of  en¬ 
vironmental  instrumentation/equipment.  Collection, 
analysis,  and  reporting  of  contaminants  present  in 
water  and  wastewater  samples  in  support  of  Air  Force 
Environmental  Health  Programs. 

United  States  Army  Toxic  and  Hazardous  Materials 
Agency  (USATHAMA),  Aberdeen  Proving  Ground,  Mary¬ 
land.  Program  Manager  for  three-year  basic  ordering 
agreement  contract  to  provide  research  and  develop¬ 
ment  for  technology  in  support  of  the  DOD  Installation 
Restoration  Program.  The  objective  of  the  Program  is  to 
identify  and  develop  treatment  methods/technology  for 
containment  and/or  remedial  action.  Technology 
development  for  remedial  action  is  to  include  ground- 
water,  soils,  sediments,  and  sludges. 

Confidential  Client  Ohio.  Project  Manager  of  an  on-going 
contract  to  conduct  corporate  environmental  testing  and 
special  projects  at  client’s  U.S.  and  overseas  plants. 
WESTON  must  be  able  to  assign  up  to  four  professionals  to 
a  project  within  a  two  week  notice. 

Confidential  Client  (Inorganic  and  Organic  Chemicals). 
Product  Manager  of  a  current  contract  to  conduct 
wastewater  sampling  and  analysis  of  plant  effluent  for 
priority  pollutants.  The  project  also  includes  a 
wastewater  treatability  study  to  evaluate  a  number  of 
process  alternatives  for  removal  of  priority  pollutants 
from  the  present  effluent. 

Confidential  Client,  Utah.  Technical  Project  Manager  for 
in-depth  wastewater  survey,  in-plant  study,  treatability 
study,  and  concept  engineering  study  in  support  of  the 
client’s  objectives  to  meet  1983  effluent  limitations. 
WESTON  had  two  project  engineers,  two  chemists,  five 
technicians  and  an  operating  laboratory  in  the  field. 
Field  effort  is  six  months  duration. 


Professional  Profile 


In  conjunction  with  University  of  Delaware  College, 
WESTON  analyzed  more  than  500  biological  and  marine 
sediment  samples  for  eleven  constituent  trace  metals 
as  part  of  a  program  to  identify  and  trace  the  migration 
of  metals  from  ocean  dumping  of  sludges  on  the  con¬ 
tinental  shelf  off  the  coast  of  the  State  of  Delaware, 
acted  as  Technical  Project  Manager. 

Project  Manager  in  charge  of  a  wastewater  analysis  and 
biological  treatability  project  for  industrial  client  for  the 
identification  and  degradation  of  six  pesticide- 
containing  wastewaters. 

U.S.  EPA  Environmental  Monitoring  and  Support 
Laboratory.  Multi-year  contract  to  provide  reference 
laboratory  analysis  on  QAJQC  samples  produced  from 
the  EPA  Analytical  Laboratory  QA/QC  program. 


Publications 

“Microbiological  Inhibition  Testing  Procedure," 
Biological  Methods  for  the  Assessment  of  Water  Qual¬ 
ity,  A.S.T.M.  Publication  STP  528. 

“Heat  Treatment  of  Waste  Activated  Sludge”  (with  V.T. 
Stack). 

“Biological  Monito'ing  in  Activated  Sludge  Treatment 
Process,"  a  joint  paper  with  Stover/Woldman. 


Frederick  Bopp  ill,  Ph.D.,  P.G 


Registration 

Registered  Prcfessional  Geologist  in  the  State  of 
Indiana 

Fields  of  Competence 

Groundwater  resources  evaluation;  hydrogeologic 
evaluation  of  sanitary  landfills  and  other  waste  disposal 
sites;  detection  and  abatement  of  groundwater  pollu¬ 
tion;  digital  modeling  of  groundwater  flow  and  solute 
transport;  statistical  analysis  of  geological  and 
geochemical  data;  geochemical  prospecting;  estuarine 
geology  and  geochemistry;  trace  metal  and  aqueous 
geochemistry. 

Experience  Summary 

Seven  years  experience  in  hydrogeology  and 
geochemistry,  involving  such  activities  as;  assessment 
of  subsurface  water  and  soil  contamination;  develop¬ 
ment  of  contamination  profiles;  evaluation  of  remedia¬ 
tion  actions  for  groundwater  quality  restoration;  quan¬ 
titative  chemical  analysis  of  water  and  soil;  ore  assay 
and  ore  body  evaluation;  drilling  supervisor; 
hydrogeologic  assessment;  pollution  detection  and 
abatement;  estuarine  pollution  analysis;  application  of 
flow  and  solute  transport  computer  models;  computer 
programming;  project  management;  teaching  en¬ 
vironmental  geology  and  geochemistry. 

Credentials 

8.A.,  Geology— Brown  University  (1966) 

M.S.,  Geology— University  of  Delaware  (1973) 

Ph.D.,  Geology— University  of  Delaware  (1979) 

Sigma  Xi,  The  Scientific  Research  Society  of  North 
America 

Geological  Society  of  America,  Hydrology  Division 

National  Water  Well  Association,  Technical  Division 

American  Association  for  the  Advancement  of  Science 

Estuarine  Research  Federation:  Atlantic  Estuarine 
Research  Society 


Employment  History 

1979-Present  WESTON 

1977-1979  U.S.  Army  Corps  of  Engineers 

Waterways  Experiment  Station 

1976-1977  University  of  South  Florida 

Department  of  Geology 

1970-1976  University  of  Delaware 

Department  of  Geology 

1974-1976  Earth  Quest  Associates 

President  and  Principal  Partner 

1974  (Summer)  WESTON 

1966-1970  United  States  Navy 

Commissioned  Officer 

Key  Projects 

Project  manager  on  seven  task  orders  for  environmental 
assessment  services  at  United  States  Air  Force 
facilities  in  nine  states. 

Task  manager  for  a  Superfund  site  evaluation  in  Ohio. 

Site  manager  for  drum  recovery  operations  in  Penn¬ 
sylvania  and  New  Jersey. 

Project  manager  for  site  assessments  of  oil  and  fuel 
spills  in  four  states. 

Project  manager  for  closure  plan  development  at  a 
hazardous  waste  landfill  in  New  Jersey. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  chemic-  manufacturing  in  Delaware. 

Flow  and  solute  transport  digital  model  of  a  heavily- 
pumped  regional  aquifer  in  southern  New  Jersey. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  chemical  manufacturing  in  the  Denver  area. 

Hydrogeologic  impact  assessment  of  on-land  dredge 
spoil  disposal  in  coastal  North  Carolina. 

Geochemical  prospecting  and  ore  body  analysis  in 
Arizona. 


Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  a  hazardous  waste  site  in  northern  New 
England. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  plating  and  foundry  wastes  in  eastern  Penn¬ 
sylvania. 

Operational  test  and  evaluation  of  new  naval  mine  ord 
inances  in  southern  Florida. 

Publications 

“Metals  in  Estuarine  Sediments:  Factor  Analysis  and  Its 
Environmental  Significance”.  Science,  214  (1981): 
441-443. 

“The  Remobilization  of  Trace  Metals  from  Suspended 
Sediments  Entering  the  Delaware  Estuary".  Presented 
at  the  27th  Annual  Meeting,  Southeastern  Section, 
Geological  Society  of  America,  Chattanooga,  Ten¬ 
nessee,  April  1978. 

“Trace  Metals  in  Delaware  Bay  Sediments  and  Oysters”. 
Presented  at  the  International  Conference  on  Heavy 
Metals  in  the  Environment,  Toronto,  Canada,  October 
1975. 


Richard  L.  Kraybill 


Fields  of  Competence 

Hydrogeologic  and  geotechnical  investigations  of 
hazardous  waste  sites  and  landfills;  evaluations  of 
potential  site  use  for  solid  and  liquid  waste  disposal  and 
secure  land  burial  facilities;  hydrogeologic  analyses  of 
remedial  alternatives  for  groundwater  contamination 
problems.  Management  of  hydrogeologic  projects  in¬ 
volving  groundwater  resource  evaluation,  monitoring, 
development,  and  protection:  analyses  of  groundwater 
quality  trends  as  compared  to  land  use. 

Experience  Summary 

Fifteen  years  of  professional  experience  in  the  field  of 
groundwater  pollution  control.  Expertise  in  providing 
technical  guidance  and  advice  to  industry  and  public 
and  governmental  agencies  on  hydrogeologicaily 
related  problems  of  groundwater  management,  protec¬ 
tion.  and  development. 

Prepared  hydrogeologic  reports  assessing  groundwater 
availability  and  suitability  for  supply;  conducted  in¬ 
vestigations  of  groundwater  pollution  incidents  and 
developed  reports  with  specific  recommendations 
relating  to  serious  pollution  problems  and  large  scale 
water  resource  issi  es. 

Coordinated  and  supervised  subsurface  exploratory 
work  for  h /drogeologic  investigations  relating  to  land¬ 
fills,  hazardous  waste  sites,  groundwater  injection 
systems,  and  other  projects  affecting  groundwater; 
organized  and  performed  studies  utilizing  advanced 
hydrogeologic  methods  such  as  ionic  tracers,  earth 
resistivity,  and  remote  sensing;  utilized  mathematical 
principles  of  groundwater  flow  in  hydrogeclogic  in¬ 
vestigations. 

Participated  in  planning,  coordination  and  development 
of  groundwater  recovery  and  treatment  projects  where 
groundwater  has  been  polluted. 

Provided  consultation  and  expert  testimony  on 
hydrogeol  jgic  aspects  of  disposal  of  hazardous  and 
non-hazardous  wastes.  Managed  group  of  geologists  in¬ 
volved  in  hydrogeologic-geotechnical  investigations. 


Credentials 

B.A.,  Geology— Lafayette  College  (1967) 

M.S..  Geology— Rutgers  University  (1977) 

Affiliations 

National  Water  Well  Association.  Tecnmcal  Division 
Water  Pollution  Control  Federation 

Pennsylvania  Water  Pollution  Control  Association. 
Eastern  Section 

Geological  Society  of  America.  Hydrogeologic  and 
Engineering  Divisions 

Employment  History 

1981 -Present  WESTON 

1979-1981  Wehran  Engineering 

Earth  Sciences  Group 

1967-1979  Commonwealth  of  Pennsylvania 

Key  Projects 

Senior  Project  Hydrogeologist  on  study  involving  the 
containment  of  PCS  migration  from  five  sites  known  to 
have  received  large  quantities  of  materials  containing 
PCB's. 

Senior  Project  Hydrogeologist  on  the  closure  and  cut¬ 
off  wall  certification  of  a  large  hazardous  waste 
disposal  site  in  a  wetlands  area  in  Michigan. 

Project  Manager  for  the  hydrogeologic  study  and 

remediation  analysis  of  a  hazardous  waste  disposal  site 
in  Chester,  PA,  under  contract  with  the  PA  Department 
of  Environmental  Resources  and  the  EPA. 

Developed  and  managed  a  site  feasibility  assessment 
and  major  detailed  hydrogeologic-geotechnical  in¬ 
vestigation  for  the  design  of  a  secure  landfill  in  Model 
City.  NY. 

Managed  the  investigation,  design  remediation  and 
closure  of  an  uncontrolled  hazardous  waste  disposal 
site. 


Professional  Profile 


Senior  Hydrogeologist  and  Project  Manager  for  an  m- 
situ  closure  of  a  plating  waste  Impoundment. 

Senior  Hydrogeologist  for  investigation  and  design  of  a 
secure  sewage  sludge  disposal  facility  involving 
groundwater  cutoff  by  slurry  trench  methods. 

Senior  Hydrogeoiogist  for  five  US.  Air  Force  projects 
developing  work  scopes  for  investigating  impacts  at 
suspect  hazardous  waste  disposal  sites  under  the 
USAF-IRP  program. 

At  one  USAF  Base,  performed  a  detailed  preliminary  in¬ 
vestigation  of  an  existing  groundwater  pollution  pro¬ 
blem  with  the  objective  of  assessing  potential  impacts 
on  a  nearly  public  water  supply  resource. 

Project  Manager  and  Senior  Hydrogeoiogist  pertaining 
to  the  environmental  assessment  and  disposal  of 
hazardous  wastes  at  the  largest  netal  finishing  industry 
in  Maine.  Portions  of  project  involved  evaluation,  risk 
assessment  and  concept  closure'  of  a  hazardous  waste 
impoundment;  EPA  sludge  delisting;  and  hazardous 
waste  Part  B  applications. 

Proiect  Manager  and  Hydrogeoiogist  for  landfill 
development,  closure  and  site  permitting. 


Publications 

“Groundwater  Quality,  Variation,  and  Trends  as  Com¬ 
pared  to  Land  Use  in  a  Critical  Carbonate  Recharge 
Area."  Presented  at  the  NWWA  Exposition— Technical 
Division  Annual  Meeting,  Boston,  Massachusetts,  1977. 

"Regulatory— Technical  Aspects  of  Sewage  Sludge 
Disposal  on  the  Land  Surface."  Presented  at  the  Penn¬ 
sylvania  Water  Pollution  Control  Association  Annual 
Convention,  1977 

"Hydrogeologic  Considerations  and  Remedial  Alter¬ 
natives  Assessment  at  Uncontrolled  Hazardous  Waste 
Disposal  Sites."  Vanderbilt  University-sponsored 
Technical  Program  for  Environmental  Protection  Agency, 
Region  V,  Cincinnati,  Ohio,  1981. 

"In-situ  Remediation  and  Closure  of  a  Plating  Waste  Im¬ 
poundment",  Toxic  and  Hazardous  Waste.  Proceedings 
of  the  Fifteenth  Mid-Atlantic  Industrial  Waste  Con¬ 
ference,  June  1983. 


Registration 

Registered  Professional  Geologist  in  the  States  of 
Georgia  (No.  440)  and  Indiana. 

Fields  of  Competence 

Detection  and  aoatement  of  groundwater  contamina¬ 
tion;  design  of  artificial  recharge  wells;  deep  well 
disposal;  simulation  of  groundwater  systems;  hydro¬ 
geologic  evaluation  of  hazardous  waste  sites  and  land¬ 
fills;  practical  applications  of  geophysical  surveys  to 
hydrologic  systems,  investigations,  and  borehole 
geophysical  survey  3.  Geochemical  studies  of  acid  mine 
drainage  and  hazaidous  wastes. 


Additional  special  course  work  in  Geology  and 
Hydrology,  Franklin  and  Marshall  College  and  Penn¬ 
sylvania  State  University 

Remote  Sensing  Data  Processing  Training,  Goddard 
Space  Center  (1978) 

OWRR  Research  Fellow,  1973 

National  Water  Well  Association,  Technical  Division. 

Geological  Society  of  America.  Engineering  Geological 
Division. 

Society  of  Economic  Paleontologists  and  Mineralogists 

Employment  History 


Experience  Summary 

Sixteen  years  experience  as  field  hydrogeologist,  field 
supervisor,  project  director,  research  director.  Six  years 
research  involving  two  consecutive  projects:  1)  applica¬ 
tion  of  geophysical  techniques  in  evaluating  ground- 
water  supplies  in  fractured  rock  terrain  in  Delaware  and 
Pennsylvania;  2)  project  director  for  an  artificial 
recharge  and  deep  well  disposal  study.  Provided  con¬ 
sultation  for  waste  disposal  and  aquifer  quality  pro¬ 
blems  for  coastal  communities. 

Developed  geochemical  sampling  techniques  for  deep 
mine  sampling.  Evaluated  synthetic  and  field  hydrologic 
data  for  deep  formulational  analysis  in  coal  field  pro¬ 
jects. 


1974-Present  WESTON 


1973-1974 

1971-1973 

1967-1971 


University  of  Delaware 
Water  Resources  Center 

University  of  Delaware 

Pennsylvania  Department  of 
Environmental  Resources 


Key  Projects 


Definition  of  groundwater  contamination  from  sanitary 
landfill  leachate  and  recovery  of  contaminants  to  pro¬ 
tect  heavily  used  aquifer  in  Delaware. 

Field  design  studies  for  artificial  recharge  and  waste 
disposal  wells. 


Earlier  research  experience  involved  developing  tech¬ 
niques  for  mapping  subsurface  regional  structures  hav¬ 
ing  interstate  hydrologic  significance,  and  defining  ore 
bodies  by  geochemical  prospecting. 

Credentials 

B.S.,  Biochemistry— Albright  College  (1966) 

M.S.,  Hydrogeology— University  of  Delaware  (1975) 

Cooperative  Program  Environmental  Engineering- 
University  of  Pennsylvania 


Design  and  construction  of  hydrologic  isolation 
systems  for  various  class  hazardous  wastes. 

Design  and  supervision  of  chemical  and  physical 
rehabilitation  of  groundwater  collection  systems  in  frac¬ 
tured  rock  and  coastal  plain  areas. 

Principal  investigator  for  six  projects  involving  subsur¬ 
face  migration  of  PCB's  in  New  York,  New  Jersey,  Penn¬ 
sylvania,  and  Oklahoma. 

Design  and  construction  supervision  of  hydrocarbon 
recovery  wells  in  Pennsylvania. 


Professional  Profile 


Geochemical  evaluation  of  coal  mine  pools  in  West 
Virginia. 

Geochemistry  of  subsurface  migration  of  toxic 
substances. 

Principal  investigator  for  eight  projects  involving  migra¬ 
tion  of  volatile  chlorinated  hydrocarbons  in  ground- 
water. 

Mineable  reserve  evaluations  for  coal,  sand  and  gravel, 
limestone,  clay  deposits,  mine  reclamation,  and 
monitoring. 

Design  geophysical  and  remote  sensing  assessments 
cf  hazardous  waste  disposal  areas. 

Publications 

Leis  W„  and  R.R.  Jordan,  1974,  “Geologic  Control  of 
Groindwater  Movement  in  a  Portion  of  the  Delaware 
Piedmont”,  OWRR— OEL  20. 

Leis,  W.,  1976,  “Artificial  Recharge  for  Coastal  Sussex 
County,  Delaware”,  University  of  Delaware  Press,  Water 
Resources  Center. 

Leis,  W.,  D.R.  Clark,  and  A.  Thomas,  1976,  "Control  Pro¬ 
gram  fcr  Leachate  Affecting  a  Multiple  Aquifer  System, 
Army  Creek  Landfill,  New  Castle  County,  Delaware”,  Na¬ 
tional  Conference  on  Management  and  Disposal  of 
Residue  on  Land. 

Leis,  W.,  W.F.  Beers,  J.M.  Davidson,  and  G.D.  Knowles. 
1978,  “Migration  of  PCB’s  by  Groundwater  Transport— 
A  Case  Study  of  Twelve  Landfills  &  Dredge  Disposal 
Sites  on  the  Upper  Hudson  Valley,  New  York",  Pro¬ 
ceedings  of  the  1st  Annual  Conference  of  Applied 
Research  &  Practice  on  Municipal  and  Industrial  Waste. 


Leis,  W„  R.D.  Moose,  and  W.F.  Beers,  "Critical  Area 
Maps,  a  Regional  Assessment  for  Karst  Topography". 
Association  of  Engineering  Geologists  1978  Annual 
Meeting. 

Leis,  W.,  and  W.F.  Beers,  "Soil  Isotherm  Studies  to 
Predict  PCB  Migration  Within  Groundwater",  (Abstract) 
ASTM  1979  Annual  Meeting,  Philadelphia,  Pennsylvania. 

Thomas,  A.,  and  W.  Lein,  “Physical  &  Chemical 
Rehabilitation  of  Contaminant  Recovery  Wells”, 
Association  of  Engineering  Geologists  1978  Annual 
Meeting. 

Leis,  W.,  W.F.  Beers  and  F.  Benenati,  “Migration  of 
PCB’s  from  Landfills  and  Dredge  Disposal  Sites  in  the 
Upper  Hudson  River  Valley",  New  York  Academy  of 
Science  Symposium  on  PCB’s  in  the  Hudson  River. 

Leis,  W.,  "Subsurface  Reclamation  by  Counter  Pumping 
Systems:  Geologic  and  Geotechnical  Aspects  of  Land 
Reclamation”,  ASCE/AEG  1979  Symposium. 

Leis,  W.,  and  A.  Metry,  "Field  Characterization  of 
Leachate  Quality”,  Water  Pollution  Control  Federation 
1979  Annual  Meeting. 

Leis,  W„  and  A.  Metry,  "Multimedia  Pathways  of  Con¬ 
taminant  Migration”,  Water  Pollution  Control  Federa¬ 
tion  1980  Annual  Meeting. 

Leis.  W..  and  K.  Sheedy,  "Geophysical  Location  of  Aban¬ 
doned  Waste  Disposal  Sites",  1980  National  Con¬ 
ference  on  Management  of  Uncontrolled  Hazardous 
Waste  Sites. 

Sheedy,  K„  and  W.  Leis,  1982.  "Hydrogeological  Assess¬ 
ment  in  Karst  Environments  (chapter)." 


James  S.  Smith,  Ph.D 


Fields  of  Competence 

|  Analytical  laboratory  management;  organic  chemistry; 
mass  spectrometry,  GC/MS/DS,  high  and  low  resolution, 
chemical  ionization  and  special  techniques;  gas 
chromatography  including  capillary  column  techniques; 
high  Derformance  liquid  chromatography  (HPLC);  the 
uses  of  NMR,  IR,  UV,  visible,  inorganic  analyses,  elec¬ 
trochemical.  thermal  techniques  and  surface  meth¬ 
odologies  (SEM,  ESCA,  SIMS)  to  solve  industrial  pro¬ 
blems;  the  development  of  quality  control  measures  in 
analytical  protocols;  the  testing  of  laboratory  safety 
methodologies;  innovation  of  new  analytical  techniques 
and  methods  to  solve  industrial,  product  liability,  pro¬ 
duction  and  environmental  problems. 

Experience  Summary 

\  Eleven  years  experience  in  the  supervision  of  an 
analytical  group  involved  in  solving  all  types  of  in¬ 
dustrial  problems  including  environmental,  product 
safety,  production,  research  and  development.  The  main 
emphasis  was  on  the  innovative  development  of  ana¬ 
lytical  methods  utilizing  instrumental  technologies.  In- 
depth  experience  in  the  organic  chemicals,  inorganic 
chemicals  polymer,  fiber,  tire,  solvent,  fluorine 
chemicals,  coke  and  coal  tar  industries.  Numerous 
!  scientific  presentations.  Contributor  to  three  Chemical 
i  Manufacturers  Association  Task  Groups:  Environmental 
i  Monitoring,  Groundwater,  and  Hazardous  Waste  Re¬ 
sponse  Center. 

Taught  general  chemistry,  analytical  chemistry,  organic 
chemistry,  and  instrumental  analysis  for  four  years  at 
j  Eastern  Michigan  University  and  the  University  of  Il¬ 
linois. 

! 

I  Credentials 

B.A.,  Chemistry— Williams  College  (1960) 

Ph.D.,  Organic  Chemistry— Iowa  State  University  (1964) 

Postdoctoral  Organic  Chemistry— University  of  Illinois 
(1966) 

Postdoctoral  Mass  Spectroscopy— Cornell  University 
(1969) 


American  Chemical  Society 
American  Society  for  Testing  Materials 
American  Society  of  Mass  Spectroscopists 


Employment  History 


1981-Present  WESTON 


1969-1981 

1966-1968 

1965-1966 


Allied  Chemical  Corporation 
Corporate  Research  Center 

Eastern  Michigan  University 
Assistant  Professor  of  Chemistry 

University  of  Illinois 


Key  Projects 


Directed  analytical  group  for  five  years  of  intensive 
sampling  and  analysis  of  a  toxic  insecticide.  Analyses 
involved  soil,  air,  water,  sludge,  blood,  bile,  feces,  urine, 
animal  feed,  and  plant  samples  to  detect  the  compound 
at  the  low  parts-per-billion  level.  The  project  involved 
rapid  development  of  new  and  accurate  analytic£.l 
methods. 

Developed  an  industrumental  analytical  laboratory  con¬ 
sisting  of  trace  environmental  analyses,  gas  chro¬ 
matography,  high  performance  liquid  chromatography, 
mass  spectrometry,  surface  analyses,  X-ray  photoelec¬ 
tron  spectroscopy  and  nuclear  magnetic  resonance 
spectroscopy  including  the  design  and  manufacture  of 
instrument  modifications,  purchasing  instruments,  and 
hiring  of  key  personnel. 

Isolated,  identified,  and  developed  a  method  of  analysis 
for  a  colored  impurity  on  a  bulk  chemical  product.  Syn¬ 
thesized  the  colorant  for  proof  of  identification  and  as  a 
standard  for  future  analysis.  Proved  the  mechanism  of 
the  development  of  the  color  from  the  packaging 
materials.  Designed  new  specifications  eliminating  the 
problem. 

Conducted  corporate  plant  environmental  laboratory 
QAJQC  audits  including  the  development  of  a  corporate 
QA/QC  manual. 


Pro/ided  an  inexpensive  and  accurate  method  of 
ana.ysis  of  lead  for  a  manufacturing  plant  effluent.  A 
published  methodology  in  Kit  form  was  modified  for 
plant  personnel  use  to  measure  soluble  and  total  lead  in 
a  waste  stream  without  use  of  excessive  manpower  or 
capital.  QA/QC  procedures  were  included  as  well  as  the 
use  of  performance  samples. 

Supervision  of  analytical  technological  advances  that 
lead  to  either  patents  and  new  products  in  the  fields  of 
coal  tar  chemicals,  food  packaging  and  transformer 
manufacturing. 

Publications 

Smith,  J.,  A.  Weston,  and  C.  Wezwick,  "Tire  Cord  Emis¬ 
sion  Studies,  Conclusion”,  The  International  Society  of 
Industrial  Yarn  Manufacturers,  Savannah,  Georgia,  3-4 
November  1977. 

Hanrahan,  J.,  E.  McCarthy,  0.  Richton,  J.  Smith,  and  A. 
Weston,  “Identification  of  an  Interfering  Compound  is 
the  Determination  of  Dimethyinitrosamine  by  Gas 
Chromatography-Mass  Spectrometry”,  26th  Annual 
Conference  on  Mass  Spectrometry  and  Allied  Topics, 
St.  Louis,  Missouri.  28  May  to  2  June  1978. 

Brozowski,  E.,  D.  Jerolamon,  0.  Richton,  D.  Smith,  J. 
Smith,  and  A.  Weston,  "Industrial  Applications  of 
Chemical  Ionization  with  the  Ammonium  Ion”,  26th  An¬ 
nual  Conference  on  Mass  Spectrometry  and  Allied 
Topics,  St.  Louis,  Missouri,  28  May  to  2  June  1978. 

Mueller,  B.W.,  L.  Palmer,  G.  Rebyak,  and  J.  Smith, 
"Analysis  of  Alpha  and  Beta  Naphthalene  Sulfonic 
Acids  by  High  Performance  Liquid  Chromatography", 
North  Jersey  A.C.A.  Chromatography  Discussion  Group, 
Nutley,  New  Jersey,  14  March  1979. 

French,  C.,  L.  Palmer,  and  J.  Smith,  “Analysis  of 
Polymer  Oligomers  by  High  Performance  Liquid 
Chromatography”,  Middle  Atlantic  Regional  A.C.S. 
Meeting,  West  Long  Branch,  New  Jersey,  19-23  March 
1979. 


Burkitt,  D.  and  J.  Smith,  "A  Simple  Chromatographic 
Modification  Providing  for  Rapid  Interchange  of 
Capillary  and  Packed  Columns”,  Middle  Atlantic 
Regional  A.C.S.  Meeting,  West  Long  Branch,  New 
Jersey,  19-23  March  1979. 

Brozowski,  E.,  D.  Jerolamon,  D.  Richton,  D.  Smith,  and  J. 
Smith,  “A  Convenient  Method  for  the  Evaporation  of 
Solvent  in  the  Priority  Pollutant  Program,"  Middle  Atlan¬ 
tic  Regional  A.C.S.  Meeting,  West  Long  Branch,  New 
Jersey,  19-23  March  1979. 

Mady,  N.,  D.  Smith,  J.  Smith,  and  C.  Wezwick,  "The 
Analysis  of  Kepone  in  Biological  Samples”,  Pro¬ 
ceedings  of  the  9th  Materials  Research  Symposium, 
Gaithersburg,  Maryland,  10-12  April  1978. 

Mueller,  B.,  L.  Palmer,  and  J.  Smith,  "A  High  Perform¬ 
ance  Liquid  Chromatographic  Method  for  the  Analysis 
of  Bis-phenol-A  and  Its  Impurities”,  Middle  Atlantic 
Regional  A.C.S.  Meeting,  West  Long  Branch,  New 
Jersey,  19-23  March  1979. 

Gabriel,  M„  J.  Hanrahan,  and  J.  Smith,  "A  Sensitive 
Method  for  the  Quantitative  Analysis  of  Pyridine  at  the 
Low  PPM  Level",  Middle  Atlantic  Regional  A.C.S. 
Meeting,  West  Long  Branch,  New  Jersey,  19-23  March 
1979. 

Burkitt,  D.,  J.  Hanrahan,  and  J.  Smith,  “Analysis  of  Hex- 
achloroacetone  and  Hexafluoroacetone  in  Industrial 
Wastewater”,  Proceedings  of  the  A.S.T.M.  Committee 
D-19  Symposium,  "The  Measurement  of  Organic  Pol¬ 
lutants  in  Water  and  Wastewater",  Denver.  Colorado. 
19-20  June  1978. 

Brozowski,  E.,  D.  Burkitt,  M.  Gabriel,  E.  McCarthy,  J. 
Hanrahan,  and  J.  Smith,  “A  Simple.  Sensitive  Method 
for  the  Quantitative  Analysis  of  Carbon  Tetrachloride 
and  Chloroform  in  Water  at  the  Parts  Per  Billion  Level”, 
Proceedings  of  the  9th  Materials  Research  Symposium. 
Gaithersburg,  Maryland,  10-12  April  1978. 


Theodore  F.  Them,  Ph.D 


Fields  of  Competence 

Inorganic  and  organic  chemistry;  instrumental 
analytical  techniques;  synthesis  of  organic  chemicals; 
laboratory  management;  chemical  research  and  educa¬ 
tion. 

Experience  Summary 

Nine  years  experience  in  inorganic  and  organic 
chemistry  with  strong  synthetic  organic  and  instrumen¬ 
tal  analytical  background.  Experienced  researcher  and 
teacher.  Background  in  conceptualizing,  founding,  ef¬ 
fecting,  and  administering  a  chemical  consulting  firm. 

Credentials 

M.S.,  Chemistry— University  of  New  Mexico  (1975) 
Ph.D.,  Chemistry— University  of  New  Mexico  (1977) 
American  Chemical  Society 
The  Society  of  Sigma  Xi 

Southwest  Association  of  Forensic  Scientists— 
Associate  Member 

Society  of  Applied  Spectroscopy,  Rio  Grande  Section 

Employment  History 


thermal  conductivity,  and  photoionization  detectors.  Ex¬ 
perience  includes  methods  development,  separation  op¬ 
timization,  and  data  reduction. 

Familiarity  with  use,  maintenance,  and  operation  of  gas 
chromatograph/mass  spectrometer/data  system  (GC I 
MS/DS)  in  separations  and  identifications  of  complex 
mixtures  and  molecules.  Experience  includes  methods 
development,  separation  enhancement,  packed  and 
capillary  column  techniques,  and  data  reduction. 

Familiarity  vith  use  and  operation  of  various  infrared, 
nuclear  magnetic  resonance  (NMR),  atomic  absorption 
(AA),  and  liquid  chromatographic  (LC)  instrumentation. 

Familiarity  with  use,  maintenance,  and  operation  of 
Tekmar  Models  LSC-2  and  ALS  purge/trap  and  liquid 
sample  concentrator  devices  and  associated  gas  chro¬ 
matographic  methods. 

Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Model  490  Coat  Analyzer  for  analysis  of  moisture, 
volatiles  and  ash  in  coal. 

Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Sulfur  Analyzer  System  for  analysis  of  sulfur  in 
coal  and  hydrocarbon  fuels. 

Familiarity  with  use,  maintenance,  ar.d  operation  of  Parr 
Adiabatic  Bom  Calorimeter  and  associated  Master  Con¬ 
troller  in  calorimetric  analysis  oi  coal  and  coke, 
foodstuffs,  and  fuels. 


1982-Present  WESTON 

1981- 1982  Bell  Petroleum  Services,  Inc. 

1982- 1982  Bell  Petroleum  Laboratories 


Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Models  Titralyzer  II  (Fixed  End  Point)  and 
Tritrimeter  II  automatic  titration  systems  for  analysis  of 
water  by  pH  or  millivolt-sensitive  methods. 


1977-1981  AnaChem,  Inc. 

Co-Founder,  Vice  President 

1975-1977  University  of  New  Mexico 

Practical  Experience 

Familiarity  with  use,  maintenance,  and  operation  of  gas 
chromatographs  with  flame  ionization,  electron  capture, 


Publications 

Hazardous  Properties  and  Environmental  Effects  of 
Materials  Used  in  Solar  Heating  and  Cooling  (SHAC) 
Technologies:  Interim  Handbook,  J.Q.  Search  (ed.), 
August  1978.  Sandia  Laboratories  report  Sand  78-0842, 
available  from  National  Technical  Information  Service, 
Springfield,  Virginia. 


Professional  Profile 


"Isomerism  in  Complexes  of  Bidentate  Ligands  with 
Enantiotopic  Donor  Atoms”,  R.E.  Tapscott,  J.D.  Mather, 
and  T.F.  Them,  Coordination  Chemistry  Reviews,  Vol. 
19,  Nos.  2/3,  September  1979. 

"Stereochemical  Studies  on  Diastereomers  of  Tris 
(2,3-butanediamine)-Colbalt  (III)”,  C.J.  Hilleary,  T.F. 
Them,  R.E.  Tapscott,  Inorganic  Chemistry,  Vol.  19,  No. 
102,  1980. 

“Staying  Abreast  of  PC8  Regulations:  TESTING”,  R.M. 
Holland  and  T.F.  Them,  Professional  Trade  Publication, 
June  1980. 

“Stereochemistry  of  Arsenic  (III)  and  Antimony  (III)  1,2- 
DihydroxyEychohexane-1,2-dicarboxylates,”  D.  Mar- 
covich,  E.N.  Duesler,  R.E.  Tapscott,  and  T.F.  Them,  In¬ 
organic  Chemistry,  1982. 


EARL  M.  HANSEN 


Credentials 

B.A.,  Chemistry 
sity  (1963) 

—  Wittenberg  univer- 

Ph.D.,  Chemistry 
versity  (1970) 

—  Michigan  State  Uni- 

EJnplovment  History 

1984-Present 

WESTON 

1982-1984 

Ehvirodyne  Engineers, 
Inc. 

1977-1982 

Midwest  Research 
Institute 

1973-1977 

Snell  Environmental 
Group 

1972-1973 

Clyde  E.  Williams  and 
Associates 

1969-1972 

• 

Notre  Dame  university 

Key  Projects 

Managed  a  program  to  analyze  environ¬ 
mental  samples  for  2,3,7,8-TCDD  for  the 
U.S.  EPA.  This  program  required  the 
analysis  of  over  2,000  environmental 
samples  in  1983. 


Managed  a  sampling  and  Analysis  con¬ 
tract  for  U.S.  epa  at  Research  Triangle 
Park,  North  Carolina.  This  program  fo¬ 
cused  on  the  evaluation  of  a  volatile 
organic  sampling  train  (VOST)  for  the 
collection  of  volatile  organic  com¬ 
pounds  from  the  gaseous  effluents  of 
hazardous  waste  incinerators.  Directed 
the  construction  of  two  VEST  trains  and 
developed  a  protocol  for  the  use  of 
VOST  to  evaluate  the  performance  of 
hazardous  waste  incinerators. 

Managing  EEI's  laboratory  Quality  As¬ 
surance  Program. 

Participated  in  the  design  and  prelim¬ 
inary  evaluation  of  a  laboratory-scale 
thermal  destruction  system  to  be  used 
to  evaluate  the  feasibility  of  incin¬ 
eration  of  liquid  and  solid  hazardous 
wastes.  Directed  a  multi-task  program 
which  required  quick  response  methods 
evaluation  and  analysis  of  groundwaters 
and  soils  from  hazardous  waste  disposal 
sites.  Sanples  received  in  this  program 
were  analyzed  for  substituted  phenols 
and  polynuclear  aromatic  hydrocarbons 
(PAH's)  using  GC/MS  and  HPLC. 

Managed  a  program  to  analyze  process 
wastewaters  from  six  organic  chemical 
manufacturing  plants.  This  program  was 
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EARL  M.  HANLEN 
(continued) 


conducted  for  the  U.S.  EPA  to  identify 
and  quantify  the  presence  of  organic 
and  inorganic  priority  pollutants  in 
these  wastewaters.  The  project  required 
design  of  sampling  plans,  development 
and  evaluation  of  analytical  methods, 
and  collection  and  analysis  of  over  250 
samples.  These  data  were  incorporated 
into  the  data  base  which  is  to  be  used 
by  EPA  to  establish  Best  Available 
Treatment  Technology  (BAT)  regulations 
for  the  organic  chemical  manufacturing 
industry. 

Led  the  evaluation,  selection,  and  rec¬ 
ommendation  of  an  inductively-coupled 
plasma  (ICP)  spectrophotometer  which 
was  purchased  as  an  addition  to  MRI's 
atomic  spectroscopy  instrumentation  in 
1981. 

Directed  the  conpletion  of  three  proj¬ 
ects  requiring  chemical  analysis  of 
air,  water,  and  solid  waste  effluents 
which  were  collected  from  the  combus¬ 
tion  of  refuse-derived  fuel  (RDF)  as  a 
part  of  an  environmental  assessment  of 
waste-to-energy  processes.  These  sam¬ 
ples  were  analyzed  for  trace  inorganic 
and  organic  components  using  AA,  SSMS, 
GC,  and  GC/MS. 

Supervised  field  activities  for  collec¬ 
tion  and  shipment  of  wastewater  samples 
collected  from  a  pilot-scale  wastewater 
treatment  system  in  support  of  a  treat- 
ability  study  of  acid  mine  drainage 
conducted  by  the  U.S.  EPA. 

Publications 

Dalton,  L.R.,  J.D.  Rynbrandt,  E.M.  Han¬ 
sen,  and  J.L.  Dye,  ’ESR  and  Optical 
Spectra  of  Metal  Amine  and  Ammonia  Mix¬ 
tures,’  J.  Chem.  Phys.,  44,  3969 
(1966 >. 


Hentz,  R.R.,  Farhataziz  and  E.M.  Han¬ 
sen,  ’Pulse  Radiolysis  of  Liquids  at 
High  Pressures.  I.  Absorption  Spectrum 
of  the  Hydrated  Electron  at  Pressures 
up  to  6.3  kbar,’  J.  Chem.  Phys.,  55, 
4974  (1971). 

Hentz,  R.R. ,  Farhataziz  and  E.M.  Han¬ 
sen,  ’Pulse  Radiolysis  of  Liquids  at 
High  Pressures.  II.  Diffusion  con¬ 
trolled  Reactions  of  the  Hydrated  Elec- 
tron,’  J.  Chem.  Phys.,  56,  4485  (1972). 

Hentz,  R.R. ,  Farhataziz  and  E.M.  Han¬ 
sen,  ’Pulse  Radiolysis  of  Liquids  at 
High  Pressures.  III.  Hydrated  Electron 
Reactions  Not  Controlled  by  Diffusion," 
J.  Chem.  Phys.,  56,  2959  (1972). 

Braswell,  P.,  k.  Guter,  and  E.M.  Han¬ 
sen,  ’Groundwater  Monitoring  Made 
Easy,"  Deeds  and  Data  (December  1975). 

Hansen,  E.M.,  ’Protocol  for  the  Collec¬ 
tion  and  Analysis  of  Volatile  POHC's 
Using  VOST. ’  Prepared  for  Industrial 
Environmental  Research  Laboratory,  Re¬ 
search  Triangle  Park,  North  Carolina, 
Contract  No.  68-02-3627  (EPA- 600/8-84- 
007,  March  1984). 

Papers 

Dye,  J.L. ,  L.R.  Dalton,  and  E.M.  Han¬ 
sen,  ”ESR  and  Optical  Spectra  of  Metal 
Amine  and  Anvnonia  Mixtures,”  Abstracts 
of  the  149th  National  Meeting  of  the 
American  Chemical  Society,  p.  455 
(April  1965). 

Hentz,  R.R. ,  Farhataziz  and  E.M.  Ban- 
sen,  ’Pulse  Radiolysis  of  Liquids  at 
High  Pressures.  I.  Absorption  Spectrum 
of  the  Hydrated  Electron  at  Pressures 
up  to  6.3  kbar,"  J.  Chem.  Phys.,  Pre¬ 
sented  at  the  Conference  on  Radiation 
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and  Photochemistry,  Whiteshell  Nuclear 
Research  centre,  Pinawa,  Manitoba,  Can- 
da  (November  1971). 

Hentz,  R.R.,  Farhataziz  and  E.M.  Han¬ 
sen,  "Pulse  Radiolysis  o£  Liquids  at 
High  Pressures.  II.  Diffusion-Con¬ 
trolled  and  Nondiffusion-Controlled  Re¬ 
actions  of  the  Hydrated  Electron."  Pre¬ 
sented  at  the  National  Meeting  of  the 
American  Chemical  Society,  New  York 
(September  1972). 

Cramer,  P.H.,  E.E.  Conrad,  J.E.  Going, 
and  C.L.  Haile,  E.M.  Hansen,  L.S.  Ma¬ 
lone,  and  A.  Shan,  "Analysis  of  Vola¬ 
tile  Organic  Priority  Pollutants  by  the 
Purge  and  Trap  Method."  Presented  at 
the  Chromatography  Forum,  sponsored  by 
Supelco,  Inc.,  west  Chester,  Pennsyl¬ 
vania  (May  1980). 

Cramer,  P.H.,  E.E.  Conrad,  J.E.  Going, 
and  C.L.  Haile,  E.M.  Hansen,  L.S.  Ma¬ 
lone,  and  A.  Shan,  "Analysis  of  Vola¬ 
tile  Organic  Priority  Pollutants  by  the 
Purge  and  Trap  Method."  Presented  at 
the  Meeting  of  the  Federation  of  Ana¬ 
lytical  Chemistry  and  Spectroscopy  So¬ 
cieties,  Philadelphia,  Pennsylvania 
(August  1980). 


Ananth,  K.P.,  P.  Gorman,  and  E.M.  Han¬ 
sen,  "Trial  Burn  Verification  Program 
for  Hazardous  Waste  Incineration."  Pre¬ 
sented  at  the  8th  Annual  Research  Sym¬ 
posium  for  Land  Disposal  Incineration 
and  Treatment  of  Hazardous  Waste 
(March  1982). 

Swanson,  S.E.,  E.M.  Hansen,  L.  Petrie, 
J.L.  Spigorelli,  and  L.M.  Williams, 
■Priority  Pollutants  in  POTW  Sludges." 
Presented  at  WPCF  Conference,  St. 
Louis,  Missouri  (October  1982). 

Hansen,  E.M.,  "Preparation  and  Analysis 
of  Environmental  Samples  for  2, 3,7,8- 
TCDD."  Presented  to  St.  Louis  Section 
of  American  Chemical  Society,  St. 
Louis,  Missouri  (May  1982). 

Hansen,  E.M.,  "Analytical  Methods  for 
Determination  of  2,3,7,8-TCDD  in  Soil." 
Presented  as  part  of  "Panel  Discussion 
on  Dioxin  Risk  Assessment"  St.  Louis 
Section  of  American  Institute  of  Chemi¬ 
cal  Engineers  (June  1983) . 

Hansen,  E.M.,  "Analytical  Methods  for 
Determination  of  2,3,7,8-TCDD  in  Soil." 
Presented  to  Chemistry  Department  Sem¬ 
inar  Program,  University  of  Missouri- 
St.  Louis  (September  1983). 
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CARTER  P.  NULTON 


Fields  of  Competence 


Employment  History 


His  graduate  and  post-doctoral  research 
was  directed  toward  the  development  and 
application  of  analytical  methods  for 
the  study  of  small  molecule  metabolism. 
He  was  involved  with  the  design  and 
construction  of  a  combined,  computer¬ 
ized  radio-gas  chromatograph/mass  spec¬ 
trometer  (RGC/MS)  and  its  application 
to  metabolic  studies  in  fungi,  plants 
and  algae,  For  seven  years  at  Southwest 
Research  Institute  he  worked  on  devel¬ 
oping  methods  for  analysis  of  trace 
levels  of  organic  pollutants  in  a  va¬ 
riety  of  environmental  matrices,  char¬ 
acterizing  potentially  toxic  organic 
constituents  resulting  from  combustion 
processes  and  developing  approaches  to 
analyzing  hazardous  wastes.  As  manager 
of  the  GC/MS  facility  at  Southwest  Re¬ 
search  Institute  he  also  supported  re¬ 
search  in  organic  synthesis,  fuel  char¬ 
acterization,  electronic  component 
failure  analysis  and  biochemistry. 


1984 -Present 


WESTON 

Organic  Laboratory 
Manager 


1978-1984 


Southwest  Research 
Institute 
Manaqer ,  Mass 
Spectrometry 


1975-1978 


University  of 
Pittsburgh 
Research  Associate 


Kev  Projects 

Development  of  QC  methods  for  the  anal¬ 
ysis  of  industrial  process  waters  and 
effluents  using  a  wide  variety  of  de¬ 
tectors  t'ECD,  Hall,  PID,  FID,  NPD,  TCD, 
FPD)  . 


Characterization  of  organic  pollutants 
in  minicipal  sludges  using  OC /MS. 


Credentials 

B.S. ,  Chemistry  —  Geneva  College 
(1969) 

Pfa.D. ,  Biochemistry  —  University  of 
Pittsburgh  (1975) 


Analysis  of  biota  and  sediments  from 
an  oil  producing  area  in  the  Central 
Gulf  of  Mexico  to  determine  the  pres¬ 
ence  and  extent  of  contamination  of 
petrogenic  hydrocarbons. 
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Characterization  of  organic  wastes 
generated  by  the  organobroaine  indus¬ 
try. 

Studies  to  elucidate  the  aechanisa(s) 
of  sediment  formation  in  diesel  fuel 
usinq  pyrolysis  capillary  (JC/NS  and 
FT-1R. 


Sampling  and  analysis  of  feedstocks, 
emissions  and  wastes  from  a  coal/refuse 
co-fired  power  plant  with  emphasis  on 
determining  if  chlorinated  pollutants 
(particularly  dioxins)  were  evolved. 

Analysis  of  combustion  products  arising 
from  halocarbon  polymers. 


Cll 


Abstracts 


Carter  P.  Nulton 


1.  M.  Campbell,  E.  W.  Grotzinger.  J.  Kaworal  and  C.  P.  Nulton.  A  New  Approach 
to  Biosynthetic  Studies.  9th  1UPAC  International  Symposium  on  the  Chemistry  of 
Natural  Products,  Ottawa,  1974,  Abstract  C27. 

C.  Nulton  and  I.  M.  Campbell.  Secondary  Metabolism  in  Peniciliium 
brevicompactvm.  7th  Central  Regional  Meeting  of  the  American  Chemical  Society , 
Morgantown,  West  Virginia,  1975,  Abstract  109. 

C.  P.  Nulton,  J.  D.  Naworal  and  1.  M.  Campbell.  A  combined  Radio  Gas 
Chromatograph/Mass  Spectrometer  (RGC/MS)  Detects  Intermediates  in  Mycophenolic 
Acid  Biosynthesis.  ,14th  Annual  Conference  on  Mass  Spectrometry  and  Allied 
Topics,  American  Society  for  Mass  Spectrometry,  San  Diego,  California,  1976, 
Abstract  PSA16. 

I.  M.  Campbell,  D.  L.  Doerfler,  L.  Ernst  and  C.  P.  Nulton.  Radiogas 
Chromatography /Mass  Spectrometry.  69th  Annual  AOCS  Meeting,  St.  Louis, 
Missouri.  J.  Am.  Oil  Chen..  Soc.  55:249A,  1978,  Abstract  130. 

C.  F.  Rodriguez,  C.  P.  Nulton  and  V.  A.  McMahon.  GC/MS  Verification  of 
Identity  of  Chlorinated  Pesticides  and  Biphenyls  in  Municipal  Sewage  Treatment 
Plant  Sludge.  27th  Annual  Conference  on  Mass  Spectrometry  and  Allied  Topics, 
Seattle.  Washington,  1979,  Abstract  RAM0C9. 

Charles  F.  Rodriguez,  Donald  E.  Johnson,  Carter  P.  Nulton.  The  Application  of 
Wastewater  Screening  Methods  to  the  Determination  of  Chlorination  Pesticides 
and  Biphenyls  in  Treatment  Plant  Sludge.  Presented  f*t  35th  Southwest  Regional 
ACS  Meeting,  Austin,  Texas,  1979, 

J.  V.  Rhoades  and  C.  P.  Nulton.  Micro<>xtraction  as  an  Approach  to  the  Analysis 
of  Priority  Pollutants  in  Wastewaters.  ACS  Second  Chemicsl  Congress  of  North 
America  Continent,  San  Francisco,  California,  1980,  Abstract  49. 

J.  W.  Rhoades  and  C.  P.  Nulton.  Priorit/  Pollutant  Analyses  of  Industrial 
Wastewaters  Using  a  Microextraction  Approach.  7th  Annual  Meeting  Federation  of 
Analytical  Chemistry  and  Spectroscopy  Societies,  Philadelphia,  Pennsylvania, 
1980,  Abstract  19. 

C.  P.  Nulton  and  J.  V.  Rhoades.  Microextraction  Procedure:  Modification  and 
Application  to  Priority  Pollutant  Analysis  in  Waste  Streams.  7th  Annual 
Meeting  Federation  of  Analytical  Chemistry  and  Spectroscopy  Societies, 
Philadelphia,  Pennsylvania,  1980,  Abstract  20. 

C.  P.  Nulton  and  H.  S.  Silvus.  Indoor  Contaminants  -  Characterization  and 
Detection.  Presented  at  the  Human  Productivity  Workshop  -  NASA,  Ames 
Laboratory,  California,  1984. 
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Publications 


Carter  P.  Nulton 


C.  P.  Nulton.  Secondary  Metabolism  in  Penicillium  brevicompaetum.  Ph.D. 
Thesis,  University  of  Pittsburgh,  Pittsburgh ,  Pennsylvania,  1975. 

C.  P.  Nulton,  J.  D.  Naworal,  1.  M.  Campbell  and  (in  part)  E.  V.  Grotzinger. 
Combined  Radio  Gas  Chromatography /Mass  Spectrometry  Detects  Intermediates  in 
Mycophenolic  Acid  Biosynthesis.  Analytical  Biochemistry,  75:219-233,  1976. 

C.  P.  Nulton  and  I.  M.  Campbell.  Mycophenolic  Acid  is  Produced  During  Balanced 
Growth  of  Penicillium  brevi compact urn.  Cand.  J.  Microbiol.,  23:20-27,  1977. 

I.  M.  Campbell,  D.  L.  Doerfler,  S.  A.  Donahey,  R.  Kadlec,  E.  L.  McGandy,  J.  D. 
Naworal,  C.  P.  Nulton,  M.  Venza-Raczka ,  and  F.  Wimberly.  A  Software  Package  to 
Collect  and  Process  Radiogas  Chromatographic  Data.  Analytical  Chem.,  49:1726- 
1734,  1977. 

C.  P.  Nulton  and  I.  M.  Campbell.  Labelled  Acetone  and  Levulinic  Acid  Are 
Formed  When  C-Acetate  is  Being  Converted  to  Mycophenolic  Acid  in  Penicillium 
brevicompactun.  Cand.  J.  Microbiol.,  24:199-201,  1978. 

D.  L.  Doerfler,  C.  P.  Nulton,  C.  D.  Bartman,  F.  J.  Gottlieb,  and  1.  M. 
Campbell.  Spore  Germination,  Colony  Development,  and  Secondary  Metabolism  in 
Penicillium  brevicompactum:  A  Radiogas  Chromatographic  and  Morphological 
Study.  Cand.  J.  Microbial. ,  24:1490-1501 ,  1978. 

J.  W.  Rhoades  and  C.  P.  Nulton.  Priority  Pollutant  Analyses  of  Industrial 
Wastewaters  Using  a  Microextraction  Approach.  J.  Environ.  Sci.  Health, 
A15(5):467-484,  1980. 

C.  P.  Nulton  and  D.  E.  Johnson.  Aromatic  Hydrocarbons  in  Marine  Tissues  from 
the  Central  Gulf  of  Mexico.  J.  Environ.  Sci.  Health,  A16(3) :271-288,  1981. 

C.  A.  Bedinger  and  C.  P.  Nulton.  Analysis  of  Environmental  and  Tar  Samples 
from  the  Nearshore  South  Texas  Area  After  the  IXT0C-1  Blowout.  Coastal 
Research,  p.  19-22,  October  1981. 

J.  W.  Rhoades  and  C.  P.  Nulton.  Microextraction  as  an  Approach  to  Analysis  for 
Priority  Pollutants  in  Industrial  Wastewater.  In/.  Advances  in  the 
Identification  and  Analysis  of  Organic  Pollutants  in  Water,  Vol.  1,  Chapter  15, 
L.  H.  Keith,  ed.,  Ann  Arbor  Science  Publishers,  Inc.,  Ann  Arbor,  Michigan, 
1981,  pp.  241-252. 

C.  A.  Bedinger  and  C.  P.  Nulton.  Analysis  of  Environmental  and  Tar  Samples 
from  the  Near-Shore  South  Texas  Area  after  Oiling  from  the  IXT0C-1  Blowout. 
Bull.  Env.  Contam.  and  Toxcol,,  28:166-171,  1982. 

C.  P.  Nulton,  C.  L.  Haile  and  D.  P.  Redford.  Determination  of  Total  Organic 
Halogen  in  Environmental  Extracts  Using  Gas  Chromatography  with  Hall  Detection. 
Anal  Chem.,  54:598-599,  1984. 

H.  J.  Harding,  C.  P.  Nulton  and  0.  Saenz,  Jr.  The  Effect  of  High  Inorganic 
Chloride  Levels  on  T0X  Determination.  Submitted  to  Anal.  Chem. 
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Fields  of  Competence 

Hydrogeologic  investigations  of  potential  hazardous 
wasto  sites  and  landfills;  design  and  supervision  of  in¬ 
stallation  of  groundwater  monitoring  programs;  collec¬ 
tion  of  field  data  and  evaluation  of  potential  en¬ 
vironmental  impact;  management  of  hydrogeologic  pro¬ 
jects  at  hazardous  waste  sites. 

Experience  Summary 

Seven  years  of  experience  in  various  aspects  of  the 
water  resource  industry.  Involvement  in  over  100  hazard¬ 
ous  waste  projects  in  sixteen  states.  Development  of 
hazardous  waste  site  preliminary  assessments  and  full 
field  investigations.  Development  of  site  safety  plans 
for  use  during  hazardous  waste  site  evaluations.  Fully 
trained  in  the  use  of  respiratory  protective  equipment, 
emergency  first  aid  procedures,  site  sampling  protocols 
and  chain-of-custody  procedures,  and  general  site  safe¬ 
ty  programs.  Frequent  interaction  with  government  and 
industrial  clients.  Provided  expert  testimony  for  super¬ 
fund  litigation. 

Employed  remote  sensing  technirues  and  on-site  in¬ 
vestigations  to  locate  favorable  sites  for  the  develop¬ 
ment  of  groundwater  supplies.  Collected  field  data, 
compiled  hydrologic  ana  hydrau.ic  input,  prepared 
reports  for  flood  insurance  studies.  Presented  study 
results  to  federal  state  and  local  authorities. 

Credentials 

B.S.,  Hydrology— University  of  New  Hampshire  (1977) 
National  Water  Well  Association,  Technical  Division 
American  Water  Resource  Association 

Employment  History 

1904-Present  WESTON 

1979-1984  Ecology  and  Environment,  Inc. 

1977-1979  Sverdr  jp  &  Parcel  and  Associates, 

Inc. 


Glenn  R.  Smart 


Key  Projects 

Project  Manager  for  Superfund  site  hydrogeologic  in¬ 
vestigation  to  determine  potential  impact  on  local  well 
water  supplies. 

Project  Manager  for  complete  hydrogeologic  investiga¬ 
tion  of  Superfund  site  involving  alleged  contamination 
of  municipal  field. 

Project  Manager  for  confidential  industrial  client.  Pro¬ 
ject  included  hydrogeologic  study  to  determine  the 
groundwater  quality  beneath  site  slated  for  industrial 
development. 

Supervised  a  team  of  six  field  geologists  arid  par¬ 
ticipated  in  collection  of  geologic  data  for  nationwide 
mineral  survey.  Responsible  for  all  planning,  logistics, 
quality  assurance  and  financial  control  of  the  team. 

Designed  shallow  water  table  study  to  assess  impact  of 
past  waste  disposal  practices  of  confidential  client. 

Designed  and  supervised  installation  of  numerous 
groundwater  monitoring  programs  at  hazardous  waste 
sites. 

Publications 

Hagger.  C.L.D.,  and  G.R.  Smart.  "Drilling  and  Installa¬ 
tion  of  Groundwater  Monitoring  Wells  on  Hazardous 
Waste  Sites:  Construction  Specifications  and  Prepara¬ 
tions  for  Non-ideal  Field  Conditions.1'  Paper  presented 
to  Northeast  Conference  on  the  Impact  of  Waste 
Storage  and  Disposal  on  Groundwater  Resources, 
Ithaca,  New  York,  July,  1982. 

Smart,  G.R.,  "A  Cost-Effective  Approach  to  Monitoring 
Well  Installation.”  Paper  presented  to  Triangle  Con¬ 
ference  on  Environmental  Technology,  University  of 
North  Carolina  at  Chapel  Hill,  North  Carolina,  April. 
1983. 

Smart,  G.R.,  “Installation  of  Monitoring  Wells  at  Hazard¬ 
ous  Waste  Sites.”  Paper  presented  to  1983  Spill  Control 
and  Hazardous  Materials  Conference,  New  Haven,  Con¬ 
necticut,  1983. 

Smart,  G.R.,  "Design  of  Monitoring  Well  Systems  to 
Meet  RCRA  Requirements.”  Presented  at  the  HMCRI 
Waste  Site  Conference,  Houston,  Texas,  March,  1984. 


Professional  Profile 
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Steven  I.  Michelson 


Registration 


Key  Projects 


Engineer-In-Training 

Fields  of  Competence 

Field  investigations;  groundwater  resource  evaluations; 
hydrogeologic  investigations  of  landfills  and  potential 
water  resource  impacts;  geologic  mapping;  regional  and 
local  structural  and  geomorphologicai  analyses; 

microscopic  identification  of  minerals;  foundation  and 
structure;  concrete  design;  surveying;  analysis  of  soil 
stability  and  mechanics;  small  systems  analysis  and 
design;  CPM  generation;  Fortran  IV  program  design  and 
analysis. 

Employment  History 

1983-Present  WESTON 

1982  Getty  Refining  and  Marketing 

1981  Geological  Mapping  and 

Interpretation 
Wyomlng-ldaho  Rockies 

Credentials 

B.S.,  Geology— Lehigh  University  (1982) 

B.S.,  Civil  Engineering— Lehigh  University  (1982) 


Assisted  in  the  evaluation  of  contaminant  migration  to  a 
future  Bedford,  Massachusetts  well-water  site  as  part  of 
a  U.S.  Air  Force-sponsored  project  at  Hanscom  Field. 

Technical  supervision  and  participation  in  the  sched¬ 
uled  operation  and  disassembly  of  pilot  treatment  plant. 
Conducted  sampling  and  field  studies  in  support  of 
pilot  treatment  unit. 

Participated  in  procedural  design  and  operation  of  field 
sampling  and  analysis  of  a  chemical  waste  impound¬ 
ment. 

Assisted  in  design  and  evaluation  for  fresh  water 
storage  in  Lincoln,  New  Hampshire.  Organized  written 
and  plan  specifications  for  contract  bidding. 

Assisted  In  the  evaluation  of  the  environmental  impact 
of  present  landfill  leachate  and  seepage. 

Conducted  site  design,  evaluation,  and  construction 
cost  estimations  for  wastewater  treatment  plant  in 
North  Andover,  Massachusetts. 
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APPENDIX  D 


WELL  AND  TEST  PIT  LOGS 


APPENDIX  D-l 
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LieX^t  brou3r\  4-oeaarSc  S#sJl> 
1'itilt  (jrascl 


Sirmi< 


S«  rvu  Ur 


S  i  m  iU* 


REMARKS 


S  &A  oruA-ed 


Simi  1  ar _ 

B^rnona  of  ibif 


D 1-22 


!  CLIENT:  AC 


BORING  CONTRACTOR  =  £.4  MA*eJ? 


ROUND  WATER 


•DATE  TIME  WATER  EL.  SCREEN 


TEST  BORING  LOG 
BORING  NO.  ?FV  8 


SHEET  NO  /  OF  Z 


job  no.  o£gg-ps-a<? 


ELEVATION 


cavers 

CAP 


5-1  SS 


BLOWS  RER 
6  INCHES  • 


CLASSIFICATION 


'TO  PSO(L‘ 


REMARKS 


WAju  —  BAC*6j£ouA*b 


OtfrW/VaW 


'  1: 
i<*  w 


l> 

a 


$  is 


s-2  ss 


4-7-/G>  - 


S  3  SS 


T7 VM  COA/2SS  t  Som<2. 

mit/iuM  to  to &rse  gravat 


S-S-7-2,0  SiHICA#  w/77f  -fma  Qr^VC  I 


TAfd  Kfc&<#A  TO  CoA/sSE  5^b, 

tra c*  -find  to  wi<zc/»um  grave  ( 


Dl-23 


/4aJu  -  l3flci£<h£OUA>b 


Mmp  r«  w/lt 


&f5ouAbMrZ4>  -  A-'S 


p  - 


CLIENT  :  6/SAC 


BORING  CONTRACTOR  •  T^.L  M/A«€J= 


GROUND  WATER : 


TIME  WATER  EL.  SCREEN 


WELL 

CONSTRUCTION 


TEST  BORING  LOG 
BORING  NO.  $> 


SHEET  NO  /  OF  Z 


JOB  NO. 


ELEVATION 


CAS.  I  SAMP.  I  CORE  1  TUBE  I  DATE  STARTED  IQjioltii- 


|OyJ6ern£ 

CAR 


our\t-JA sm 


T7W  F=//V£  TO  MC&UA  GifcA'JEL. 

3rd  -fine,  to  COcLrAO.  sand 


TA*J  /MtS6(U*A  TP  COA/2SC  SA^b, 
Som<L  mdiu*\  to  COdT^e  gnavcl 


SAtAE, 


SAvaC 


£yv»*p  ;  STCAT/P^b 
MaJm  £*c*6>®0UA,b 


Dl-25 


.  /$Eoj**t5u/#rne  46 


Dl-27. 


PROJECT  =  _T/?P-  C)77~,  AN(y 


CLIENT  :  U-S.Ar? 


SAMPLE 


WELL 

CONSTRUCTION 


NO.  TYPE  V?mche!" 


TEST  BORING  LOG 
BORING  NO.  ??FW  10 


SHEET  NO.  Z  OF  Z 


JOB  NO.  Oft,ert-C>£- ZJ& 


CLASSIFICATION 


REMARKS 


'  O  :  V 

jo  I  c 

=|(S 


—  I  o 

— 1  1 

- 

ti'  v? 


3-6  $S 


3-5-6- 


y fci  i  r'uJi^H  b^cxoaj  -  same  -  2. 
OXibIZEi  AT  4*3  4-  ' 

Moicfc  Piwtc, 


>5<?AV»SW  SiQsujM  -  £>**«=.  - 


SAni£  -  COLOft  CWA>o6?E.jb 
6»£Ayi<>H  Qeow^  TO  u*MT 
BEoujkI  im  i2orn>A  S"  Bottom 
co/vesei? 


.GRouMb^ATee  52 


0?6AMIC  oboK 
S/VrueAmb.  SWa^EaI 
[fj#re£  sami0^ 
fWu  P£ac»/»j6  oc  12 
AcOv/£ 


f-lAiu  KfeAOANKh  Op 
SOIL  1-2  ASove 

e^LKT 


•  Dl-28 


HZ  -  Mobsc/C&noM 


TEST  BORING  LOG 
BORING  NO.  // 


SHEET  NO.  /  OF  2 


CLIENT  :  £-/S A  C 


SORING  CONTRACTOR  -  MA 


GROUND  WATER : 


ELEVATION 


SAMP  |  CORE  |  TUBE  IDATE  STARTED  /O 


DATE  FINISHED  lojie,/, 


I  f- 

!  i  % 

i  i 


ourw* sw  i>/tPas/rs 


S-2  SS 


3~S~6~6» 


Li6,HT  MeCdUAA  TTJ  OOAfcSE. 

SAMb  AaJL  T-IME  TTJ  MEDIUM 
£w?Av£A. 


HNu  -  P>AC*6?£ou/Jh 

woisr 


-20  S-3  SS 


3- 5-^7 


SAME.  *  2"  OX  tDlZ.£b 

/9's: 


M*Jt<  -  SLi6jH~  A/e££X-£ 
T7oM 


S4  SS 


k-4-W 


SAME  -  2"  COARSE  -DAMP 

LAyee  at  29 '  S " 


Wa/m  -  / 

/2rtC*SS<buAjb 


-♦o&S  SS 


|4-S-&r 


SAME  -  2'  OXiDiZ^b  AAyei? 

AT  39' 4" 


3/9QUAJbUMiTTE^  4S.3I 


Dl-29 


PROJECT  :  JORP-  d>77=,  /\a/& 


CLIENT:  t J.±.Ar+ 


"  -  /naLy^tc^noKi 


TEST  BORING  LOG 
BORING  NO.  U 


SHEET  NO.  2.  OF  2. 


JOB  NO.  06>2tt-d£- Z.& 


CLASSIFICATION 


REMARKS 


5AMC 


Same-  CoARs*^  la^t  3 


Qp-rr&A  OP  HC^S. 


APPENDIX  D-2 


TEST  PIT  LOGS 


FIGURE 


TEST  PIT  LOGS 


PROJECT  No.  OC  ZBO^ZS 


PROJECT:  HoguSp-TT-  ~OTls  SHEET  OF 


CLIENT: 


CONTRACTOR:  ~R  v^cAC.  TSutL)  EQUIPMENT: 


DEPTH  TO  WATER: _ INSPECTOR:  2.  L  «R/atr»3/U 


LOG  OF  TEST  PIT  No.  -  2>  _  Date:  i  i|“5c-/<§.5  Elevation1 


CLASSIFICATION  TEST  RESULTS 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


/3*0'U*r*  ‘ 


f  deb*/*  /Puzh&O 


Z.7 


lun1}* 8**  t-/ 


cl/o'^»  —Cch/  /AiV  /yiediuer* 
5>3  A^Ci 


of  f>  rr 


&  o 


/G.O 


PROJECT  No.  rC>Z&.CS23> 


TEST  PIT  LOGS 


PROJECT: 


CLIENT: 


DEPTH  TO  WATER: 


LOG  OF  TEST  PIT  No._  3 


DEPTH  SAMPLE 
FT.  |  No.  DEPTH 


CLASSIFICATION 


EQUIPMENT:  ZZA-TTC  "ZilO  i^^C-fcL'oCrr’ 


INSPECTOR :  IS  L  lA«u Jot  1 1 


Date:  i  i|3oi&3  Elevation1 


TEST  RESULTS 


-7 2^5<5>/L.  - 

- 

/3^oOun  /n^cf/iAW 
Jor»e  (.jasse-'-f/sie  Qv&ve.  / 
-fretjueni  Ccbtj/pj 


Usin-rt*—  jncOstsr”  5*3toQ 

(fto'Q  Of?  P'T 


ps)o/s  T 

fs  Cs  fZ.  Lr  rts-Z  'S 

(ftoCO\s*sTl,ii:\, 


PROJECT  No.  UOZZC  S2-Z 


PROJECT:  PtetSje  2T-  L#»QFiU~  —■ 

/'I  IPMT.  /  :  i/1  r—  ^  /Tj  /  /  /  L*\  *  _ 


TEST  PIT  LOGS 


z-  -ct's _ sheet _ of 

/y  SW>-  O  e^L/^A,  & 

KtU*~K&n3»ri>  fit kCertk  EQUIPMENT:  'Xh'lL  TJLq  ggcg/JfC 

>:  '  IMCOCTTAD  •  /O  /  1 7Z "  // 


CLIENT: 


CONTRACTOR: 


DEPTH  TO  WATER: 


INSPECTOR:  A  fc/&(sbJ/ 


LOG  OF  TEST  PIT  No.-S~ 


Date:  ///3a/ g£  Elevation1 


DEPTH 

FT. 


SAMPLE 
No.  DEPTH 


CLASSIFICATION 


TEST  RESULTS 


k-5 


6/^aj  /nrdtur”  So if 

(Q^A\/slrL^/  Cobble 

_ Cle&*1  // /cmo/  2,0  ^ 


r  . 


Se-foGe  —  Oaj&O/ZAJ  £T£> 
#Uf*d(  S’  Cj&  Nartj  civc/MS 
Co /£-€  -  dre>->?ls*  ^ 


c!~e<u  un  ooh  yfe  .  tn  rr)i°ef,  ^yr, 
J2a-*">4 


•  ST.o 


/  ct/OCCcpvv  /^C /J>r~r7' 

<CC&  rtsulC-r/'  -  /0<? 

£/Q  — 

yy  >o  /A  T* 


COMMENTS: 


(fic  A  o  F~  F>  n~ 


D2-5 


FIGURE 


PROJECT  No.  £>6>2%051£ 


PROJECT: 


CLIENT: 


CONTRACTOR: 


DEPTH  TO  WATER: 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


TEST  PIT  LOGS 


EQUIPMENT:  7>_T 


INSPECTOR-’  X&Ard/LL’ 


3  Elevation: 


CLASSIFICATION  '  '  TEST  RESULTS 


_  _  4/(5 ,nr  fne£fotr> 

Jy&isk,  brvtorJ  />)£/) t  i^rr)  3/)fr0  p  -> 

_  Cobbles 


/brou/M  rr>ec//u?r> 


j  rusfaei  —  S  Gallon  c*t 5 

&-elons 


P'T 

Cu-<-&PS'^£  T°  ~?'0' 


3u'x1o'  Y*  7e±r 

Cibber?  5  f  A 'bas 
3  -  4-0  a  Cl  /  p&mf  drums 

u^eitoiu  pair/4 

quoiujVO  ;  5"  Cjd  Can  f-ewply) 
^  hJapUnd  flhphdl<- 

f)C(ur^  //h  bunaerervt 


Ajo/it 

Cl 

c  *'■• /  / 


So  -  ~  7  - 

/X^r/uj-e, 

X'// 


Cd«U.TANT3 


PROJECT  No. 


TEST  PIT  LOGS 


PROJECT-- 


z+  -  m~/S 

Ot£ H£-/ /3/~eS 
■s .  _  /  '  "75  .0  7T~zn 


SHEET 


OF 


CLIENT: _ M _  _ ( _ _ 

CONTRACTOR-  &c  rJb'  /Z  ?  ^  GyrT/  EQUIPMENT-'  ^6/0 


DEPTH  TO  WATER: 


INSPECTOR: 


>2-  F-Sca.  cv  cv/V 

- 1 — — -  i 


OG  OF  TEST  PIT  No.  -  ^ 


Date5  ll(30b3  Elevation: 


DEPTH 

FT. 


SAMPLE 
No.  DEPTH 


CLASSIFICATION 


TEST  RESULTS 


H5 


Mo 


h—  15 


h-20- 


T^/Ol-jUrt  f-o  C^e’//&L*J  ^PYOli/Aj 

^  CcOa^CQ.  “hi  -fine 

Cc&btes jCccAZKm*./ 

\  bcuA&&2&  _ 7  b- 

J-rrt-&£o€mS'  boUc/^t/S 

- - - - 4,0 

T*  /O'  //IF c{li>rin  S#  I's’A 

La^^/6^/  Cchhi'PZ 

_ _ _ — 

S/U  L  o  F  ^  >T 


J, 


'i 


A/'C 


COMMENTS: 


D2-7 


FIGURE 


TEST  PIT  LOGS 


PROJECT  No.  ObZ3oS'2-S> 


CLIENT :  / 


CONTRACTOR :  / 


DEPTH  TO  WATER1 


LOG  OF  TEST  PIT  No.  - 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


HgHHfljgfi 


INSPECTOR  ••  72.  L. 


Dot  e-iiho/g?  Elevation:  _ 


CLASSIFICATION  TEST  RESULTS 


C^rttr  C/  rre£  ~  •75  P'St'  /<—  _  _ 

- c^o 

73  so  corn  doa/Ur  -snet/fufyi 

SFrJ&  CcorSe  -  -r/ne  G&VZLj  qcc*S  •€??}&  /-  ^mp 
Jre  ,r7  Co  , 

*  hjo  F)<-L. 


£f/L/<i  o  f  p ,~r 


TU>s  fr%7  p  >7  jot!  usPst  of 
a,<5£~  ~ts?s)ck  —  Z.l-Z'*' i*j ’rjg- y 

Tie'  dL'P'tp  -  ioo^td  ■'fvs.  •.  p  /q 
2 ■  ip*  C~  ^  J/^A/  A?  ^ 

L?-  ^  6r  /6**'F!  ( 


D2-9 


FIGURE 


TEST  PIT  LOGS 

«•*»«.  PROJECT  No.  C/*ZQpSZ&  _ 


W:vS£  XL  -  C~A  -  OTl^ _ SHEET _ OF  __ 


CLIENT-'  \J^AV  -  r. 


i£i 


DEPTH  TO  WATER:  INSPECTOR: 


LOG  CF  TEST  PIT  No.  Dote  =  »\\V\feS  Elevation:  _ 


TEST  RESULTS 


PROJECT 


KH3 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


CLASSIFICATION 


ttL C CO  tip  -  A )  (>{**■.•  -  S/lK/lS 

~  r  •  frsCVA  i 


/,//lp  ft  nr  ifs&rfl 


ypte-c.^  /jrleW/utfri  5/Ms/j 
C ccz$uAn<t  f  t  c/:b^S 

■f  t  r)/rda*t/s  c/  mu  s?  /v1f“ 

r  «■  "“=  e//UYY-i 


'LST^'^^O  /S/2C-9 

/-///✓•  ^  /ppm 


Su^FC,  US  ti  ~ L)r/'^C,KniiC  . 
Z/Cz-V)/^ 

,-,/L^  / " 


/C  C1  ^  /? 

-✓  K-  c*  i  S',  sc  { 


h-'/u^j  z'  - 


/y^'S  - - N)  £  /•*"/= 


COMMENTS1 


D2-11 


FIGURE 


FIGURE 


CLIENT: 


PROJECT  No.  &CZ&C.-E2.  § 


TC  -  C  r  i  A  -  c  r '  s 


jj-Xr-  - _ '-*•  (-  '•XL  /  r~i K*  Cr 


V-J  £?»,+/.  EQUIPMENT: 


TEST  PIT  LOGS 


SHEET 


DEPTH  TO  WATER:  _  INSPECTOR:  L 


LOG  OF  TEST  PIT  No.  }  3  Date:  nhd^  Elevation1 


CLASSIFICATION  TEST  RESULTS 


/3/ac.ifc-  '\f*i**^  / 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


—  5  - 


A  y • ;><& r.-i  C 4-0  ■>  -  ^ 0’S 


/ 


^  C4vy.«(y  S U^7~ 

1*  <(,  6fVtK*Gr( 

\ _ _ _ £o'  _  Hw- /O-'S* 

bvcr>*sA/  cZ'a.r’U?  V.J  "  5 

/We&nsn.-)  Sa'.v<^  ^  -h/ace.  * 

t*g  GCc^S'crr in/ 

ColalvLes  ^o'~-  HfiStS' 


t?*.b  o  p  P  tr 


FIGURE 


PROJECT : 


PROJECT  Wo.  c-  C.Z&G<A1& 


•  l.  -  cr  *  s, 


TEST  PIT  LOGS 


SHEET 


■  vv-  GvHv.  EQUIPMENT:  ~A4 


DEPTH  TO  WATER:  INSPECTOR:  kL 


LOG  OF  TEST  PIT  No.  /c*  Date:  izl  Elevation:  _ 


TEST  RESULTS 


OEPTH  SAMPLE 
FT.  No.  DEPTH 


CLASSIFICATION 


lOch.*.  ~rX,^Su‘p _  x  -  / 

*\*-**'(t  wu-i^>  Ci.  0\»  — f/r'iS  d-1  be- {ferrety :<? 


/Z.5-' 


/?io/ i~r 


IJef/ot^  Dirt**/) 

SAA.'&  y  t-  rnt*cf'<. 

drvervef^  occctS'im*  / 

C.lc^y^.^  2"^ 1  ssi  e  /u!>/  cr*\s 


Ir^’rtnr*  n  2 

CC'C-rte  -  /r  i  *'t>  'IJ.y  .  r/i'A  ^ 


'  -  A.firr,'p 


„  -  .  ,  f  <-  *  /O  - 


PROJECT  No.  £,ZS6??^ 


PROJECT:  A  to  XL  •  CFT£.  -CT"!S  SHEET 


CLIENT  = _ vS4£_iC£L>-/ AJc^r 


CONTRACTOR •* _ "stio  EQUIPMENT1 


DEPTH  TO  WATER:  INSPECTOR ■•  V  *..  C.r 


LOG  OF  TEST  PIT  No.  { Date:  Elevation1 


TEST  PIT  LOGS 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


—  5  - 


CLASSIFICATION 


0/4/2 c  /3/e6>v/v  ft— 

J^y  CSU.  r/  !*£.■*»*<-  —  SA  /.''J 

Je  >>  /&  C  —itne  ^  / 

(x'rcJLAj  ^svwi  — Vy? 

s.  <p  Stt-T 


TEST  RESULTS 


5*ir| 


Zo  -  >//,«,  •  5' 


72  rv 

^Ahhtp  c~  f&MEL 

Cobbfe  !o,yy>v  a./  ‘f.  S' 


Sl./^w  ***  c*  s (-.'y  ! 

TO>rc>i*<y£'c/-v- f  : 


<£VU£  Of?  A  rr 


6>-a  ///*'</  -  f 


FIGURE 


TEST  PIT  LOGS 


PROJECT: 


CLIENT: 


DEPTH  TO  WATER-' 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


PROJECT  No.  ZSr 


■:/7aje  JZ  -  C-rTG  -  <ZT'S 


kSAP  -,'ITML/A K/& 


INSPECTOR: 


CLASSIFICATION 


7 ’OtfSo/L. 

S (C7 

0~  Ccjcj*~sj3  Gt&^VEZL— 

icco.i'i’>'6  /-  mrrsGy&r>t‘ 

b^A*jr 


SHEET 


Tc  <s^s~i  y~y^-  c 


•  Elevation: 


TEST  RESULTS 


/>7£  'S' 


a  b  P  ^ 


h4  A~>‘  is  5  •*  3 
a /Lb 


PROJECT  No.  CbTbCSZX 


~-T&  -  CT'S 


TEST  PIT  LOGS 


SHEET 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


PROJECT ; 


CLIENT: 


~  Aft*  Cc/Yi-fr'.  EQUIPMENT: 


DEPTH  TO  WATER:  INSPECTOR: 


LOG  OF  TEST  PIT  No.  /  y  Date:  /2///V3  Elevation: 


CLASSIFICATION  TEST  RESULTS 


/L_ 

- - - - - - - - -  0\Z'> 

yW/«i~  brcr^fij  -+>»<-  S/L.T 


— - — — - - - y,  —  hX>  -  /V,C  Cl 

<*■50/ 'Ji  Cca^-£e«-  -/7x>e  SA/Uf) 

f  /y>e>c//i***i-  fine  G*2A. VEl- y  occ- in*# / 

Ci.loU'es.  i-y>ot  s  r  -  ucj^- 


— 5  - 


~7~Aaj  C£'Gn>£-e  -  /r>crf!>sKi  SAKlij> 
A^/ie  rYHPtAiun')  -  -H/7e  Aps&vef 
Ccc-O-S. Ct'bto 


CHrr  Z3  *r 


Jr.  O  —  H  <L  U  '  i^O  (L ^  t 

ro 


TEST  PIT  LOGS 


PROJECT  ••  P/i&Se  ZT  -  r  -  c  r'S>  _ _ SHEET _ OF 


wm m 

mM 


PROJECT  No.  C02SOS18 


CLIENT :  f  ■£#&'-  Ge **<-/#*'&  _ _ 


CONTRACTOR:  ^ /k te.  /4  Ha /  n^rr^-  EQUIPMENT:  ~TL/TL  2.00 _ 


DEPTH  TO  WATER:  INSPECTOR-'  ?d-  v  3  '  <U-- 


LOG  OF  TEST  PIT  No.  /<?  Date=  2// /£  3  Elevation: 


CLASSIFICATION  TEST  RESULTS 


DEPTH  SAMPLE 
FT.  |  No.  DEPTH 


Qyano  /<p  ^  f*  t  f 

t  MAC+d*™ 

/\yUtrrt-0'Sd't-'3  CJoio^J 


J£st  /?*  r  tr* 

d-  5tca w>.  lAyu^fr'y' 
fel'f',  c, 


e.^-'l-c-wT  a 

f  -U.  I  (  i^crr 

•  -  sz. 


FHiWWUEj 


DEPTH  TO  WATER: 


LOG  OF  TEST  PIT  No. 


DEPTH  SAMPLE 
FT.  Mo.  DEPTH 


VEEESnzm 


COMMENTS^ 


PROJECT  No  C6ZZOS2S 


/O  AX  -  o~r  as 


_ 


EQUIPMENT: 


INSPECTOR: 


CLASSIFICATION 


TEST  PIT  LOGS 


SHEET 


'k,TL  ZGO 


3  Elevation1 


TEST  RESULTS 


!c&  C  as-  7^c.  j CrWtfJsr/ 

Ch'e&rt  tfhsce  / (c^ryecn/  S  rice 


/Hoh  ~  -  7)/)yyip 

ho  aborts 


D2-20 


FIGURE 


D2-21 

FIGURE 


PROJECT: 


CLIENT: _ FT  -  &6'+lL  / 


CONTRACTOR  •• 


DEPTH  TO  WATER: 


LOG  OF  TEST  PIT  No 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


,  PROJECT  No.  C&Z$oS?.f 


WttseTZ  ~  A J &X~OTl  r 


TEST  PIT  LOGS 


SHEET 


Vlmshwid 


INSPECTOR: 


—  5  - 


'Ll- 


CLASSIFICATION 


-^5  >L  ^ 


Date:  \  1  Qs  Elevation1 


TEST  RESULTS 


O’Z'i 


73*4  iv  *n  —  Coosze.^  /-r>  C_o  A 

s^£>„  ^  ^  r 


/■S  f  *K)u  ~  3rfc/k -^rc^no 

S‘J 


D2-22 

FIGURE 


D2-23 

FIGURE 


I 


PROJECT  No.  CC,ZQOS~Z& 


TEST  PIT  LOGS 


CONTRACTOR  ■P.che,^  £  ti4k/  Ch»M  EQUIPMENT : 


DEPTH  TO  WATER:  _  INSPECTOR :  72  L 


LOG  OF  TEST  PIT  No.  Z-'-f  Date:  /zJ/ /<S>3  Elevation1 


CLASSIFICATION  TEST  RESULTS 


OEPTH  SAMPLE 
FT.  No.  DEPTH 


14 Vc,  -/iff-  /rifiCf’/  m 


PROJECT  No.  ;zZlCS2% 


TEST  PIT  LOGS 


SHEET 


CLIENT-  ^3A/r  CTHL/#^6- 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


DEPTH  TO  WATER ••  INSPECTOR  •• 


LOG  OF  TEST  PIT  No.  Z^  Date=  /? fug  3  Elevation  _ 


CLASSIFICATION  TEST  RESULTS 


/v//  frC'wf  torfh 

?  <£.  /WCtCA  tfCt  /-)  ■'£■ 

-  Ib/fks  / 

hcM«*s  /x to,i  r  '  /oes* 


■  \jo  Ohc/Z 


g 


77  /rrec/' <s*n  S73AsI \ 

(  G/&4.  3 


f-{  As<s  -  He  tcy^o 
_i7 L  £Z-%f>pyvl 


L'S 


PROJECT--  71 


PROJECT  No.  CbZ&CS'ZS’ 


Uj  Cl 


TEST  PIT  LOGS 


SHEET 
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Ok  t  A**<)  6>A>ni) 


F$AC£&tZoVN\'j  ^ 

ri  o  kn  nL/wfr >vt 

ajO 


COMMENTS: 


D2-58 

FIGURE 


FIGURE 


TEST  PIT  LOGS 


SHEET 


OF  / 


_ _ _  PROJECT  No.  062Q-OS-Z& 


PROJECT :  X£P  STUDY  OT7‘j  A,N6iPi  -  XI  moo/co1)  no-sl  SHEET  OF  / 


CLIENT :  l/.S  /A'/?  T=c^c.a 


CONTRACTOR :  /rb3t5^:>~  (2hili\<,  A/c _ EQUIPMENT:  C^S/r  Si£^0  Q,AC<^Od. 

DEPTH  TO  WATER: _ INSPECTOR:  5  .  A /27- 


LOG  OF  TEST  PIT  Nc.  TP  <5  '  Date1  zq/i/sh  Elevation:  /oT  il 


CLASSIFICATION  TEST  RESULTS 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


PROJECT  No.  06?S-QS-ze> 


TEST  PIT  LOGS 


PROJECT ■• 

r^p 

S TT/py  077  5  /^/V^o  -  P^A.S£  or  MOO/^KA  no*i 

SHEET  ( 

OF  / 

CLIENT: 

u.s 

A  i /?  p=ciec<£ 

CONTRACTOR1  A/c 


DEPTH  TO  WATER: 


LOG  OF  TEST  PIT  No. 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


r?--  /A 


CLASSIFICATION 


TOR  S3  /L 


SO  i  L. 

Vt  ot-  Quoi^tLij  yjf  c. 

O  *  <  Oi  Z&£>  ODAe^fi  ■6-1^'JiiL  /b'j  ,  S,ls 


Oi&fy<  Sicr  2  ■>*»• fi  T'er  S3.,J  pc  oo 


EQUIPMENT:  £*S/=  Mope.  S<2*0  &Acr*cB. 


INSPECTOR-'  S  S^A^r 


Date:  /oA/r  Elevation1  i^-Zl 


TEST  RESULTS 


/V  j 

AC  ..~0.zU~ 

^/T'. 

£<-.•  -to- 

FIGURE 


TEST  PIT  LOGS 


FIGURE 


PROJECT  No.  OS-26  TEST  P’T  L°GS 


PROJECT:  zzzp  STKDV  07-75  AN6, 6  -  P^^SS  JZC  mog/c^ Ho*J  SHEET 


CLIENT  •'  -j.S  An?  FAX?C.Z 


CONTRACT  OR  -  ,rtSEf=~  Cmil,^  /a/c _ EQUIPMENT-'  £.4S'=  Mob, 


DEPTH  TO  WATER : _ _  INSPECTOR  •■  5.  S^A-er 


LOG  OF  TEST  PIT  No.  FP-  ^  Date-'  /oA/j  -/  Elevation1 


CLASSIFICATION 


DEPTH  SAMPLE 
FT.  No.  DEPTH 


TEST  RESULTS 


S-{8S>  <_  _ 

7T>ffAjlc.O  K-<-  />  -  —  U 


-J  -<2s  ywi  .  <  -  -  :'"vf 


C7r/.c  M  t~*-  * 


8flc.^.7/?aywj 


5/tr  f-,<2  w,tA  p: •:■;/. 


3=0'JJM  Ai'.'V.'rt  /mjl)  5/H-j ,j 


APPENDIX  D-3 

OTHER  AREA  WELL  LOGS 


DEPTH 


American  Drilling  &  Boring  Co.,  Inc.  -S2- 

no  WAIU  SHUT  EAST  providence,  r  I 
to  Woe^*  Bolt  OcMfio«Ti»lilc  ■  Woodi  Hole.  IUh. 

project  Boring  -  Otla  Air  ror^^aT,0.,  faleouth.  fan. 

report  srvT  to _ Skcr* _ *aae  i  proj  no _ 

SAMPLES  SENT  TO _ " _  OUR  JOBNO.  4~1?A _ 


GROUND  WATER  OBSERVATIONS 

«  ... -  Otter _ Hour* 

CASING  SAMPLER  CORE  BAN 

Tyne  4"  Ml4  Bole 

Al -  offer___Houra 

START 

COMPLETE  11/1/73 
TOTAL  MRS 

BORT/G  FOREMAN _ £ 

INSPECTOR  - 

SOLS  LHC* 


C.  SbTTr 


SOIL  OtNTinCATION 
Remorki  m chid*  color, gradation,  Type  of 
soil  etc  Roc*- cotar,  »>pe,  condition,  fiord  - 
not,  Drmr.g  lime,  looms  and  CtC 


Ho  Saa^lca  required  (rod 
0*  to  10* 


sample 


DISCS 


Brown  fin*  to  coarit  SAJTO, 
trace  of  allt.  Cobbles 


liwiurcil 


irrcrral 


Irowa  flssc  to  coarac  SASO, 
little  fine  to  coarse 
gravel,  trace  of  allt 


(Ert>«  30*  to  3S*  -  fuah«d 
Cobble) 


G.-OuNO  SwS-ACE  to  _____ 

Cm*-...  T y pa 

C-d’y'  CtCorad  •  •wosnetl 
UP-O'd’siw'dTd  Piston 
TP.TmtPi'  A  V- Vane Tost 

o*  •  'd't,'ji'ra  Tlwsraii 
tvi.  nr.i  -  test  n«t. 


USED _ 

Prooortions  Uud 
trace  OtoiO% 
Mite  :OtoZO% 
tome  20to3S°/’c 
gnd  S5to50% 


"CAStur.  Tt-£N  _ _  __ 

I40c  Wl  •  30’fotlon  2"0  J  Somo-er 

Conesi antes*  Density  j  Cone*..*  Cansrt-ency  Eorm  rLr-tg  aJM 

O-iO  Loos*  0-4  Soft  30-enoid  *«»  C  .*  -ra 

•0-30  Med  Dense  I  a*  A  u/Cil  m4 


i0-50  Med  Dense 
30-50  Oense  I 
50  e  Very  Oense  | 


A- A  M/St*t# 
8-15  S-,11 

15-10  V-Sftll 


HOLE  NO 


D3-1 


DEPTH 


American  Drilling  &  Boring  Co.,  tnc. 


KX)  WAIU  STRUT 


TP - 

PROJECT  NAME  _ 

PEP CRT  SENT  TO_ 
S»nP|.£S  SENT  TO. 


UST  PROVIDENCE.  R  I 

- IAOOPESS - 

.  -  I  LOCATION - - 

- -  . - I  PROJ  NO  — 

- j  OUR  JOB  NO  .,>*,174 


HOLE  MO  _ 

UNE  a  sta  . 
OFFSET  . 
SURE  ElEV  . 


GROUND  WATER  OBSERVATIONS 


LOCATION  OF  BORING 


Co  ling  Some** 

Slow*  Ooo'x* 

P^  From.  To 
loot 


SOIL  IDENTIFICATION 
RvmOfks  include  color  grodolion,  TyfM  ol 
K»l  <lc  fioc*-c*or,tyo«,  condition,  r>ort 

imi.Dnwaim,  mow*  o*o  «1c 


Sr own  f loo  to  coarao  SARD, 
traco  of  f loo  |rml, 
traco  of  atlt 


Bream  coarao  Co  flno  SAND 
fc  Mdluo  Co  f In  Gravel, 
llCCla  ailc,  trace  of  clay 


Brown  f loo  to  coarao  SATO, 
traco  of  f loo  gravel, 
traca  of  allc 


Srowo  f ina  to  coaraa  SARD, 
trace  of  coaraa  gravol. 
Craca  of  allc 


Brown  fine  to  coaraa  SAND 
traca  of  ailc 


varrci 


-IWTjaF 


cbeui 


innsi 


011151 


lOKEBI 


OfcwuNO  Surface  to _ 

SdWQIR  Typo 

Or  Of y  C;  Cored  anwowa 
UP  i  L  ”di*T«»yod  Pl*lon 
TPsTomP,*  Arflygpr  V>  Vdna  Toil 
liT  5  UnC,*turOOd  TfenwoU 
n««  ••«**  -  uit  n«« 


liScO  .  CASING.  THt 

m*  umc  iaoowi  >  jo'is 

0*o  10%  Calwwonw**  Oenoly 

10  to  20%  0*>  l°p»« 

o,  tO'30  Mm.Owm 

50-50  0 on* 

35  to  50%  jo  +  vory  Draw 


CASING  TmLN 

IROO  Wt  «  30"  toll  on  2*0  0  Sonpwr 


on  2"0  0  Sonour  SUMMARY 

Cuh*»»*  Comt*wncy  form  iking  

0-A  Soft  30  ♦  More  Rnc*  Coring  __ 
A- 8  M/Shff  Somow* 

tS  -io  V-lhH  |  MOLE  NO  T 


DEPTH 


American  Drilling  &  Boring  Co.,  Inc. 

XX>  WATI*  STRUT  (AST  PROVID(NC£.  R  I 


TO  _ 

PROJECT  NAME _ 

RE»CRT  SENT  TO  _ 
SAMPLES  sent  to. 


-  IADORESS  - 

-  I  LOCATION - 

-  |PROJ  NO  — 

_ loud  JOS  NO. 


4*174 


GROUND  RATER  OBSERVATIONS 


CASINO  SAMPLER  CORE  BAR 


nour*  Type 

Sue  i  D. 

****  Hammer ' 


SOIL  IDENTIFICATION 
Remarks  include  color,  gradation.  Type  of 
s»i  etc  Roc -color, type, condition,  hard 
ness,  Dnamq  time ,  seams  ona  etc 


Brown  fine  to  conn*  SARD, 
Crnes  of  flan  gravel,  trace 
of  allt 

iTtam  S3*  to  90*  *  Ona 
■aaa  of  Cobb  lea  ranging 
fro*  4"  to  1') 


Brown  fine  to  coara*  SARD, 
trace  of  fine  to  eedlua 
gravel,  trace  of  silt. 
Cobb loo 


g-uuno  Surface  to  _____ 

Sompte  Type 

OtOry  C -Cored  WtAosned 
UP--  Undttlwroed  Ptslon 
TP:  Te>*  Pit  AiA wper  VsVonc  Test 
UT>  undisturbed  Tfui«eM 


USED _ 

Proportions  Used 

•teee  OtaiO% 
min  i0ie?0°/r 
some  20:clS% 
one  33  to  30% 


FMCTEI 


_ "CASING  THEN  _________________________ 

I40k>  wt  1 30  fon  on  2*0  0.  Somoier  Summary 

CuROMomess  Oenniy  Conewe  Consisiency  Form  rweej  ... 

O-KD  Louse  0  -  *  Soft  30  T  Herd  Rock  Cor  mg 

•0-30  Med  Demo  4-  8  M /Stiff  Sompies  _____ 

30-30  Dense  «-l3  Stiff  I  urn  r  un  T~ 

SOT  Very  Oenso  13-30  V-Sliff  I  HOLE  NO  1 


live  rent 


D3-3 


OfRTH 


T|Oe 
Sa«l  0 


LOCATION  OP  BORING 


Caurvj 


Strain 

Chang* 


SOL  IDENTIFICATION 
Remark*  include  eofof,grodofton,  Type  ol 
toil  Me  Roe«-ee*ar,type, condition, noro- 
nest.  Or  rung  turn,  seam*  and  etc 


iirua  tiffs 


irmarnrs 


Motet 

dealt 


Vet 

dean 


K«&at 

eery 

deaae 


Met 

miim 

deatt 


Iron  flat  to  eotne  SAND, 
trace  of  fine  to  aedlua 
travel,  traea  of  allt, 
Cobb lea 


IC1HS9 

Riirsira 


ItBlfllYlfli 


mnrsro] 


iFT^nnsmal 


ImTTBTHl 


lnjfr#T*i| 


lEMSaQI 


iittiQtrffsi 


Brow*  fine  to  coarae  SARD, 
teea  tin*  to  aedtua  gravel, 
trace  of  allt 


Rirrorol 


rrnrcasal 


ONWUNO  S*a»*ACE  to 
So mg)*  Type 

C=Ory  C rCared  w*wa*n*d 
uR  <  imotturocd  <*>***" 

TR* T**i  Rii  Aifii, ear  ViVflneTeet 
Ut  rundreturted  Tt*n»d« 
tew*  *****  -  tnt  «*•*. 


USED _ 

Rropomen*  Weed 
woe*  Oie<0% 
»m*  l0«*20% 

tow  20toJ3% 
end  3  3  to  30% 


_  CASING  THEN  _ _ _ 

HO*  wt  ■  30" fen  on  2*0  0.  Scmoter  Summary- 

Con** onto*  Oennty  CeNiw*  Ceneitency  Earth  Doing 

0-0  Loom  0-4  Soft  30  ♦  No*d  Roc*  Cormg 

10-30  Med.Oenye  4*8  M/Shff  Sorrpt** _ 

30-30  Oen*e  8*13  SMf  Cutm  c  'ZrT 

30  +  Very  Dent*  19-30  V- Stiff  I  MOLE  NO 


American  Drilling  &  Boring  Co.f  Inc. 


100  WATft  STIUT 


TO  - 

RROJECT  NAME _ 

tr*-**  sent  to_ 

samples  SCMTTO. 


(AST  PROVID1NCI.  *  I 

-  I  ADORE 55  - 

- I  LOCATION  - 

- - IPROJMO - 

- I  OUR  JOB  NO  -il 


SHEET _ _ 

DATE  - 

HOLE  MC  _ 
LI*C  OSTA ... 

Off  SET _ 

SURE  ELEV.. 


LOCATION  OP  BORING 


X  I 

5 


Soma** 
D*o**i 
Prom.  To 


Blow*  p«f  6" 


(Mottlur* 


GROUND  SURFACE  TO 
So»bi«  Tjrp* 

Otpry  C  >  Corns  wswatAM 
li*<  cnojiw#o*s  Niton 
TR*T*ti  Pit  A i Auger  VtVgwTwl 
UTtUneitfur  MR  TNwwr A 
l*v«  Mtit  -  lilt 


USED _ 

Praoartiant  Uud 
Ron  0*o*0% 
WIN  t0M20% 
mm*  20*035% 
•M  35l*50% 


SOR  IDENTIFICATION  | 

Remark*  wciude  color, gnodotion ,  Tyt>»  cl 
toil  etc  Roe»-eoiOf,»yp«.eoAOii'on,  ho^J- 
nrit, OrMnQ  lm,  now  ond  »1c 


Puahlag  Cobble 

Brown  (1m  to  eoarao  SAND, 
•om  flo*  Co  aediun  gravel, 
Craeo  of  allc 


QCBB9] 


29  118 


Cobblo 


Brown  flna  to  atdlua  SAND, 
aoM  allc,  lttCla  flna  Co 
Mdliia  gravel 

(froai  183*  Co  189*  - 
Coral  Cobbles) 


Brown  fine  Co  coo  me  SAND, 
Craca  of  allc 


nSSca 


_ "CASING.  Then  _ _ _ _  _ _ 

MOBWt  »3O"*onon2'O0  Somonr  '  ‘ 

oniwuw  Dcnnty  CeM%n*  Conmnney  Eorm  Uu.|  _  . 

O-iO  Loot*  0-«  Soft  30  ♦  nofd  Hoct  Cenf _ 

•0-30  M«f  bmw  4-a  M/'ShH  Sample* 

30-50  Om*  8-15  S*I*T  film  r  Lrl  T 

50*  Very  Oema  15*30  V-SMI  |  MUUL  NO  5 


i 


DEPTH 


American  Drilling  &  Boring  Co.,  Inc. 


wo  watu  street 


TO  _ 

PROJECT  NAME  _ 

•i  “car  sent  to  _ 

S*V»L£S  SENT  TO. 


EAST  PROVIDENCE.  R  I 
-  IAOORCSS  - 

- I  location - 

- I PROJ  NO _ _ 

-  I  OUR  JOS  NO.  — illZ*. 


GROUNO  NATES  08SERVATCNS 


CASING  SAMPLER  CORE  BAR. 


Typo 

Sin  I  0. 


LOCATION  OF  BORING: 


SOL  IDENTIFICATION 
Romorkt  ■  co*o*  groaolio",  Typo  at 

toil  etc  Rc;»-eoior,t»c«,eondihon,  **0*0- 
ntu.Oii';  timo,  imiki  anoatc 


Irew  f  lat  Co  cmtu  SARD. 
Croco  of  silt 


Brown  f to*  SARD,  littlo 
•  lit 


■rows  floo  SAND.  • 


Brown  floo  SAND,  lictlo 
•  lit 


grcuno  surface  to  _____ 

SO"OQ  Typo 

OtOry  C>Cor»4  W***o*A*0 
UPiUnOtfwrOoO  Pition 
TP*  Tool  Pit  Aitipr  V*  Van*  T**l 
ur*uneittura*a  TNnwoO 

Mkft  -  Ulf  *••*. 


USED _ 

INooaniowt  um 

DM  0*0 10% 
*****  *0*0  20% 
torn*  201*33% 
OM  S3  to  30% 


_  CASING.  THEN  _ 

1400  Wl.  i  30~fo**on  2~O0.  Sowotor 
foNwow  Oormiy  Co*m  x  Ccwmoqi 
0-0  Loom  0-4  Soft  30  4 

0-30  Mot  Omi  a- a  M/SMt 

30-30  Ooaoo  0-13  3«*tt 

5U  ♦  Tory  Dmia  13 '30  V- SMI 


D3-6 


si  mm  apt- 
Ear**  ik«R  - 
MorO  Roe*  l -or  my  - 

Sompwa  — 

I  hole  no  r 


APPENDIX  E 


SITE  SAFETY  PLAN 


t 


WORK  LOCATION  PERSONNEL  PROTECTION 
AND  SAFETY  EVALUATION  FORM 

Attach  Pertinent  Documents/Data 

Fill  in  Blanks  As  Appropr iate 


WO  #  CGlf-  _ 

Division_  /5SO  _ 

Office _  _ 

Prepared  by  (^/Oifvv/V  SmAi&T 

Date _ _ _ _ _ 

A.  Work  Location  Description 
1 .  Name  ri77$>  /UR 

MA  .  _ _ 


Reviewed  by 

Date^V 
Approved  by^ 
Date 


2.  Location 


3.  Type:  HW  Site  { y/1  Industrial 

Spill  (  Construction  (  ) 

(  )  Existing  WESTON  Work  Location 

(  )  Existing  Client  Work  Location 

Other  (><)  Describe  a/a^70^l  &(//*&£>  ooiTH  _ 

_ Stench  fleets  n?  Past  ujA&m  Disposal  )  Aob  sP>/u. s 

4.  status  Acnv£,  _ _ 

5.  Anticipated  activities:  A^t>  o £_  • _ 

|r/MC 

<JOGLL.<> J  OP  A&hJ'b QH&S  h>#TS 

6.  Size  ?Z3b  _ 

7.  Surrounding  Population_ _ 

8.  Rui  Id  ings/Homes/Industry 

Afn.ir7H^y  Afct~  rHc/4Ltr>tt  . _ _ 


Hazard  Description 

1.  Background  Review:  Complete  ()><^)  Partial  (  ) 

If  partial,  why? _ _ _ _ 


2.  Hazard  Level: 

A  (  ) 

B 

(  ) 

Unknown  (  ) 

C  (  ) 

D 

(X) 

Justification  p&r\jau^ 

/>B<?SoauJ/£<.  UJO& </*&  7t&£ou&Kvr 

3.  Types  of  Hazards: 

A.  Chemical  (  ) 

Inhalation 

(X  ) 

Explosive 

(  ) 

Biological  (  ) 

Ingestion 

(X  > 

O2  Def. 

(  ) 

Skin  Contact (  ) 

Toxic 

(X) 

Describe  p/ttPctznuKMi  y&kjj/jut  AtteAK 

D CM&zno 

Mb^TfoAC  CV^r&P.^  L£Ar</^  fZe^£c  T7bOfZ-<~> 


Noise  (  X  ) 


B.  Physical  (  ) 


Cold  Stress  ( X. ) 
Heat  Stress  (X,  ) 


Other 


( 


) 


Chemical  Contaminants  of  Concern 


35A 


physical  Hazards  of  Concern 


•o 

73  U 

Q>  IQ 
(0  N 
O  10 

x 

0] 

0  U 

u  O 
3  -U 
-O  -H 
(1)  C 

o  o 
o  s: 

u 

&.  O 

XJ 


4J 

<0 

o 

o 

J 


5435A 


Work  Location  Instrument  Readings 

Location _ 

%  02 _ 

Radioactivity _ 

FID _ 

Other  _ 


%  LEL _ 

PID _ 

Other 

Other 


Location _ 

%  02 _ 

Radioactivity 

FID _ 

Other 


%  LEL _ 

PID _ 

Other 

Other 


Location _ 

%  02 _ 

Radioactivity 

FID _ 

Other  _ 


%  LEL _ 

PID _ 

Other 

Other 


Location _ 

%  02 _ 

Radioactivity 

FID _ 

Other  _ 


%  LEL _ 

PID _ 

Other 

Other 


Hazards  expected  in  preparation  for  work  assignment. 
Descr  ibe:  hbs^/dc/=  kjolA  T'U= 


/a.  y?  AS&OC  ^^72^1  br< v«n  r  d  u 


■Personnel  Protective  Equipment 


JL.  Level  of  Protection 

A  (  )  B  (  )  C  (  )  D  £><0  Location/Activity: 

ufaM&L  To  C  jP  $  P&±  QU 

A()  B()  C  {  )  D()  Location/Activity: 


_ 2.  Protective  Equipment  (specify  probable  quantity  required) 


Respiratory 

(  )  SCBA ,  Airline 

(\X  Full  Face  Respirator 
[Catt.GiAC-H  ) 


(  )  Escape  Mask 


(  )  None 

(  )  Other 

(  )  Other_ 


Clothing 

(  )  Fully  Encapsulating  Suit 

(  )  Chemically  Resistant 

Splash  Suit 

(  )  Apron,  Specify _ _ 

(X)  Tyvek  Coverall 
(  )  Saranex  Coverall 

(  )  Coverall,  Specify _ 

(  )  Other _ _ 

(  )  Other 


Head  &  Eye 
px£  Hard  Hat 

(^XL  Goggles 

(  )  Face  Shield 

(  )  Chemical  Eyeglasses 

(  )  None 

(  )  Other _ 


Hand  Protection 

(  )  Undergloves _ 

Type 

Gloves 


(  ) 
(  ) 

(  ) 


Overgloves 

None 


Type 


Type 


Other 


Foot  Protection 


Safety  Boots 

(  )  Disposable  Overboots 

(  )  Other_ _ ‘ _ 


()<$  PID 
(  )  FID 

(  )  Other 


(  )  Other 


3.  Monitoring  Equipment 
(  )  CGI 

(  )  O2  Meter 

(  )  Rad  Survey 

(  )  Detector  Tubes 

Type : _ 


Personnel  Decontamination  (Attach  Diagram) 

Required  (  )  Not  Required  (><) 

Equipment  Decontamination 

Required  (  )  Not  Required  (><  ) 

If  required,  describe  and  list  equipment  m/Ly  fctz&ur&zd  iP 


G2/dJ7MKI/*TK>S>l  EXC£££>  fc&j&HLM&ub&b  UcAS'&f  ( 6  PP*4  <S>££#r&C 


77 DAi 

(Wi  ). 

/&  tf&iesSA&r  C.&T  cf/> 

1 loo  TU&, 

hOlZ.  tiCoT  6)C&l/£ 

(ju/W. 

I7f&.  Ce>isTAf*it*JG> 

-fR\  tyntxUM  . 

Scolb  /W&  <$CeUtS  /to  0&TH 

f?tU6d  ui/TH  UJArTZe. 

b&Xi‘$£ 

0£  TVV£**>  MJ  fl&Snc  &H55  shvb 

f&gAt^r.  Hid 

E-8 


5.435A 


E.  Personnel 


WORK  LOCATION 

MEDICAL 

FIT  TEST 

NAME 

TITLE/TASK 

CURRENT 

CURRENT 

1.  GUeVH  '5MA&T 

<5&>&&*rr  j o&tctuZ 

<*r> 

<>o 

2.  GiJ^i 

LQ6)t*?r 

(X) 

( s<) 

3 .  |0bO  ALTHtUcrA- 

'pe&utciAu 

(  x") 

) 

4.  V&bic&r'  'fclCMU} 

'Vt6^lOMJ 

(  *:> 

( A  > 

5. 

(  ) 

(  ) 

6. 

(  ) 

(  ) 

7. 

(  ) 

(  ) 

8. 

(  > 

(  ) 

9. 

(  ) 

(  ) 

10. 

(  > 

(  ) 

Site  Safety  Co- 

ordinator  &1& 5^V 

E-9 

5435A 


Activities  Coveted  Undec  this  Pian 


>1 


u 

10 

C  ® 


e  a 


-^4  '  O 
Q) 

Q)  -C 
u  O 


CL.  03 


V-\ 


! 


o 

z 

.* 

k 

(0 

£-< 


E-10 


I 


ADDITIONAL  COMMENTS i 


Contingency  Contacts 


Agency 

Fire  Department 

Police  Department 

Health  Department 

Poison  Control  Center 

State  Environmental 
Agency 

EPA-Regional  Office 
EPA-ERT.  ICOM 
Spill  Contractor 
State  Police  (fyoum'i') 
F.A.A. 

Civil  Defense 
On  Site  Coordinator 
Site  Telephone 
Nearest  Telephone 


Contact 

Ci\\A  £  kd(i  t  nM# 

/v/a _ 


Phone  Number 


_ l-300-tr2-fZll 

_ _ _ 

_ zJa _ ~~ 

_ Ai  i fit _  _ 

»/a _ • 

_ 75?-4&£ 

(£/\hx>l  tour- _  4J4.  (( 

_ aj/a _  _ _ 

‘StuAfZf  _ _ 

rtcne- _ _ 

_ AWlLAijt*.  rnEb^&fou-  f&Hd. 

(Location)  “ 


Other  _ 

Contingency  Plans 

Spill,  Accidental  Release;  Describe 


jolA 


Fire  Explosion;  Describe  n/i\ 


Other;  Describe 


A' 


Exit  Routes,  Communication  Systems;  Describe 


MEDICAL  EMERGENCY 


Name  of  Hospital _ Fd. Iwcm  -fh  I'kzpr  ?&/ _ 

Address ;  ~7rr~  -  ha  u 1  hr '  03 _ Phone  No . 

Name  of  Contact _ _ _ __ 

Address: _ _ _ Phone  No. _ 

Route  to  Hospital:  (Attach  Map)  <;** rf^,,ch  Qa_  -  $ia  - 

_ Vd-  ~  f,n  h<ll _ _ 


Travel  Time  Distance  to 

From  Site  (Minutes)  20  Hospital  (Miles)  fp 

Name/Number  of  24  Hr.  Ambulance  Service  P&><J  Sfr\j,c<7 


APPENDIX  F 


SAMPLE  CHAIN-OF-CUSTODY  RECORDS 


/>£  |  Afr  I  1  1*+VQ  1  Ai»  y^otrjnMiab 


WESTON  ANALYTICAL  LABORATOTIES 


SAMPLE  HANDLING  SAFETY  I N FO RMAT ION 
(samples  will  not  be  processed  unless  item  7  -  B  is  signed) 


2.  SAMPLING  PERSONNEL 


Date  Sampled _ L 


Project  Manager 


^  hr>PP 


Phone;  (  ) 

Contact 


SPECIAL  HANDLING; 


What  Safety  Precautions  Were  Taken  During  Sampling? 
A  Personal  Prc-ctive  Equipment  Used 


4.  SUSPECTED  HAZARDOUS  COMPONENTS: 
(Not  a  Parameter  List) 


.■  (jan  5  / fZuf?c  ^  ) 


Medium. 


Have  The  Exter.sr  of  the  Sample  Bottles 
Been  Decontaminated?  Y  /  N 


SAMPLE  MATRX 


6.  UST  ONLY  SAMPLES  WHICH  PERTAIN  TO  THE 
INFORMATION  USTED  IN  ITEM  4. 


_ SSL- _ WATER 

tO  PC£i</  PjCC 
Pf^O.cT  _ OTHER 


Sample  No. 


Sample  No. 


Sample  No. 


Qf (imOm'sIutO  *>1  I  |  rt*C  I  RtUiyiP.h  *"«■<  LA<ho^MW^  fly  j  &*»«e  j  t | 


Roy  f  Weston  Inc 
2  Cheneii  Drive 
Concord.  N H  03301 


inter-office  memorandum 

TO:  Project  File  DATE:  4  September  1985 


FROM:  Glenn  Smart 

SUBJECT:  Chain  of  Custody  form  for  test  pit  sampling  WONo..'nc->o  nc  oo 
on  10/2/1984  0628-05-28 


On  10/2/84,  WESTON  personnel  collected  soil  samples  from  test  pits  6a,  7a,  and 
8a  at  the  so-called  "AVGAS  Dump  Site"  at  Otis  Air  National  Guard  Base,  Massachusetts. 
The  samples  were  sent  to  the  WESTON  laboratory  in  West  Chester,  Pennsyl vannia  with 
other  samples  collected  elsewhere  on  the  base.  The  accompanying  chain  of  custody 
form  listed  the  parameters  that  the  samples  were  to  be  analyzed  for  (phenol,  lead, 
and  hydrocarbons  by  GC  scan),  but  the  test  pit  identification  numbers  were  inadvert¬ 
antly  omitted.  Information  in  the  field  logbook  indicates  that  sample  6a  was 
taken  at  1135  at  approximately  five  feet  below  ground  level,  sample  7a  was  taken 
at  1148  from  between  1-3  feet  below  ground  surface  and  test  pit  8a  was  sampled 
at  approximately  two  feet  below  ground  surface. 
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BY _ GR* 

ChKD  BY  _ 
PROJECT. 
SUBJECT. 


a  i 


DATE  J6/Zl 
DATE _ 


Y^oN'Jo.jJ 

l*-  **•  \ C -r*  A'**'-. 

DIV  /SSr> 
DEPT _ 


SHEET _ L _ 0F_ 

W.O.  NO.  -O62g-0S-  ZA 


N  ^  N-  M 
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CHAIK  or  CUSTODY  RECORD 


Shipper  K»-»es 

Add  res  ft  Z  Qhu 

Humbpr 

Collector's  Kernes 
Address  of  Collections 


/  />?■„ 


Street 


U)h 


City 

Telephone  \&<t 


Date 

of 

Collection 


5!uAf(Jir 

L r 


P/n 


Col  lection 
Location 


07/  5 


Analyses 

Requested 


Oil 

TJX 


anization  receivi 


J /hi, 


C  Lj-tM 


'OT/S  tfFS 


WO17 


/P0=  .  23'** 


PRIORI  TY.'HAZARD 


SUBMITTED  BY  £--- 


DATE  RECEIVED 


MISC; 


OESJGMCftS 


^ / f/ / *3 Y- H OH ~  ~7~<£>o £  c*->AT£*2  *3/97??/%^  S^m  Pit"  uL>i~r'-f 

£S.  S^bv^/L  ,  5#yy//tfJ>  'TOC/  TO^,  o/&  ££4D 

7~cc>¥.  <3luDG£‘  Sr&*>/'<^T  5fy*t/- X£a-  /)/& fey 

}  mrz>  ^L^DG-3*  />?  ySfrVJ. ,  5/9r»?,*Lf£>  £:Sl 

C>/£'  ££40  Q 
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DESIGNERS 


CONSULTANTS 


inter-office  memorandum 

TO:  Richard  Kraybill  DATE:  September  4,  1985 


r\ 

FROM:  victoria  K.  Dondero  f 

L' 

I 


SUBJECT:  OTIS  8402-822  SAMPLES 


W.  O.  No.: 


Due  to  the  lack  of  a  log-in  sheet  or  computer  record  of  these  samples,  it  is  resolved 
that  these  samples  had  been  received  prior  to  27  February  1984.  It  can  be  documented 
that  this  date  is  when  Oil  &  Grease  analyses  were  begun. 


VKD/eb 


RFW:  2-74-39 
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CKAII,  or  CUSTODY  F.ICDr.D 


Shipper  Name: 
Address: 


Number 


Street 


City 


K44  0  SM 

State  Zip 


Collector's  Name: 


Telephone  l !J3± 


Address  of  Collection:  /Ot/C  f~  &  /V*. 7-JQ 


Col  lector 
Sample 
Number 

/0-  / 
/b~2- 

A>-3 
//~  / 
n-  2_ 
//-  3 


Date  - 
of 

Col  lection 


f/3o/S2 


Col  lection 
Location 

Analyses 

Requested 

*5”  —  /.S’  ' 

U-lS" 

) 

VJ 

/  TOX; 

o-zo' 

v/ 

?' 

‘  ^ 

)  ft> 

Chain  of  Possess i 


S  ignatu 


Signature 


S  i  gnat ure 


Incfus  i  ve 


Inclusive  Dates 


Inclusive  Dates 


S i gnat ure 


Inclusive  Dates 


CHAIN  or  CUSTODY  F.ECC'.D 


Shipper  Name:  7^  (aM c7Hr>rO  TZ^r. _ 

Address:  Z~ _ Che^/l  Ak,  J  A>£/  CTZ31>  1 

Number Street city  State  Zip 

Collector's  Name:  4-.  j^cu^  _  Telephone  (^S  ^  (23'/ 

Address  of  Collection:  C/TLS  F /Z  /W?1* _ 


Collector 

Sample 

Number 

Date 

of 

Col  lection 

Time 

"of 

Col  lection 

Col  lection 
Location 

Analyses 

Requested 

!  L-  1 

/2~- 

/3  -  / 

/</-  / 

/  //^A1 

pin 

3  s'  " 
S-  b' '  c 

V'  ( 

V'  “ 

X  t-(?x 

wgggm 

/2/'/ ^ 

r-_  /  -  r 

/-/•  r  ' 

&- 


Sample.  Receiver: 


1.  _ 

Name  and  address  of  organization  receiving  sample 

2.  _ _  '  ' _ 

3.  _ 

k. 


Chain  of  Rpssession:  x 

-)t-l 

<  Ik3 

S  ign^ure 

title/ 

1  lnclusi\/e 

pates 

Signature 

3. 

Title 

Inclusive 

Dates 

Signature 

ii. 

Title 

Inclusive 

Dates 

S i gnature 

Title 

Inclusive 

Dates 

Chain  or  custody  f.scof.d 


Shipper  Kane:  cy  r_ 

Address:  _  Z— _ dlrt'eA')-?  //  ^  L^Cr>  <rX- 

Kumber  Street  City 


Collector's  Kane:  C%  aC-^  _ Telephone 

Address  of  Collection:  /j/7  ^  .  /7l  A 


Col  lector 


Date  lime 

'Df  of  Collection 

Collection  Collection  Location 


Z L-\ 
S3- I 


Analyses 

Requested 


fo 


Sample  Receiver 


Kame  and  address  of  organization  receiving  sample 


Chain  of  Possession 


S  i  gnat ure 


S  i gnat ure 


Inclusive/Dates 


Inclusive  Dates 


Inclusive  Dates 


Title 

Inclusive  Dates 

.6 

APPENDIX  G 


LABORATORY  ANALYTICAL  METHODS 


Table  G-l 


Analytical  Methods  and  Required  Detection  Linuts 


Analytes 

Total  Organic  Carton  (T0C1 

Total  Organic  Halogens  (TOX) 

Oil  and  Grease  by  Infrared 
Method  (OfcG) 

Cyanide  (Cn) 

Phenols 

Polychlorinated  Biphenyls  (PC3) 
Iron  (total  dissolved)  (Fe) 
Copper  (Cu) 

Cadmium 
Chromium  (Cri 
Lead  (Pb) 

Arsenic  (As) 

Nickel  (Nil 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

2,4-D 

2,4,5-TP  Silvex 
Xylene 

Methyl  isobutyl  ketone  (MIBK) 
Methyl  ethyl  ketone  (MEK) 

Sulfate 

Chloride 

Hardness 

Infrared  Scan  (IR  scan) 

Ammonia  as  Nitrogen 
Hydrocarbon  GC  Scan 
Total  Kjeldahl  Nitrogen 
Nitrate  as  Nitrogen 
Volatile  Organic  Compounds  (VOA) 
Base/Neutrals  and  Acids 


Level  of  Detection  Required 


1 

mg/L 

5 

uf/L  (w) ; 

5 

ug/g 

(s) 

0.1 

mg/L  (w)  ; 

100  ug/g  (s) 

10 

ug/L 

1 

ug/L  (w)  ; 

1 

ug/g 

(s) 

0.25 

ug/L 

100 

ug/L 

50 

ug/L 

10 

ug/L 

50 

ug/L 

20 

ug/L  (w) ; 

2 

ug/g 

(s) 

10 

ug/L 

100 

ug/L 

0.02 

ug/L 

0.01 

ug/L 

0.2 

ug/L 

1.0 

ug/L 

0.06 

ug/L 

0.02 

ug/L 

1 

ug/L 

1 

ug/L 

1 

ug  L 

1 

ug  L 

1 

ug/L 

(1! 

(2) 

Contract 

Method 


E*A 

415.1 

EPA 

9020 

EPA 

413.2 

EPA 

335.2 

EPA 

420.1 

EPA 

608 

EPA 

200.7 

EPA 

200.7 

EPA 

213.2 

ET>A 

200.7 

EPA 

239.2 

EPA 

206.2 

EPA 

200.7 

SM  S09A 
SM  509A 
SM  509A 
SM  509A 
SM  509B 
SM  509B 
EPA  624 
EPA  624 
EPA  624 
E°A  300.0 
EBA  300.0 
EPA  130.2 
EPA  418.1 
EPA  350.3 

(see  description  in  App.  G 

EPA  351.4 

EPA  300.0 

EPA  601/602 

EPA  625 


(w)  «  water 

(s)  -  soil 

(1)  ■  Detection  levels  for  volatile  aromatics  and  volatile  halocarbons  shall  be  as  specified  in 

EPA  Methods 

(2)  *  Detection  levels  for  base  neu t ra 1 s  and  acids  shall  be  as  specified  in  EPA  Method  625. 


G-l 


inter-office  memorandum 

TO:  Judith  Porta 


FROM:  Carter  Nulton 


SUBJECT:  OTIS  AFB  SAMPLES  W.  O.  No.: 

RFW# ' s  8412-992-0010  -  0070 
(CLIENT  I.D.  S-l  to  S-7 ) 


Sample  0010  was  extracted  with  hexane  and  analyzed  by  capillary  column 
GC/FID  (30  meter  DB-5) ;  samples  0020  -  0070  were  diluted  1:100  in  hexane 
and  analyzed  using  the  same  conditions.  The  resulting  GC  profiles  of 
0010  and  0020  were  compared  to  those  obtained  from  the  pure  products 
and  the  following  observations  are  made: 

1.  0010  -  is  similar  to  0050  (see  Fig.  1)  except  that  the 
"high  ends"  (peaks  at  retention  times  61.34,  63.59, 

69.67,  77.29  and  84.16  on  Fig.  1-4)  in  0010  are  of 
lower  concentration  than  in  0050.  The  concentration 
of  0010  calculated  on  the  basis  of  selected  lower 
molecular  weight  peaks  (A-E  on  Fig.  1)  is  480  mg/L. 

If  the  "high  ends"  are  used,  the  concentration  is  20  mj/L. 

2.  0020  -  is  similar  to  0050  (see  Fig.  2)  except  that  the 
lower  molecular  weight  peaks  (those  eluting  between  the 
solvent  and  50  minutes)  are  gone. 

Sample  0020  is  completely  miscible  in  hexane. 


CN : bwm 


G-2 


Fig.  1A  -  Sample  0010 

"low  ends" 

"high  ends 

*  - 

I  I 


OIL  AND  GREASE  METHOD 


The  method  used  by  the  WESTON  Laboratory  for  U.S.  Air  Force 
contract  analyses  through  13  September  1985  is  described  in 
the  following  pages. 


Scope 


This  method  is  applicable  to  the  determination  of  oil  and 
grease  in  water  samples. 


Summary  of  Method 

Oil  and  grease  is  extracted  from  water  with  1,1,2-tri- 
chloro-1, 2 , 2-trifluo^ethane.  The  extract  is  analyzed  by 
infrared  at  2930  cm 


Apparatus 

1.  Infrared  spectrophotometer 

2.  50  ram  liquid  IR  cell 

3.  Magnetic  Stirrer 

4.  25  ml  pipet 


Reagents 

1.  1,1, 2-trichloro-l, 2, 2-trif luoroethane  (freon) 

2.  Paraffin  oil,  NF 


Procedure 

1.  25  ml  of  1, 1, 2-trichloro-l, 2 , 2-trif luoroethane  are 
added  directly  to  the  1  liter  sample  container 
with  a  teflon-coated  magnetic  stirring  bar. 

2.  The  mixture  is  stirred  at  least  one  hour. 

3.  The  mixture  is  allowed  to  settle,  and  the  freon  is 
withdrawn  with  a  pipet. 

4.  The  freon  is  placed  in  the  IR  cell  and  the 
absorbance  is  read. 


G-6 


Calibration 


1.  Prepare  calibration  standards  from  4  to  40  mg/1 
weighing  paraffin, oil  into  freon. 

2.  Obtain  absorbances  at  2930  cm~^  for  each  of 
calibration  standards. 

3.  Plot  absorbances  vs.  concentration. 


Calculations 

1.  Determine  the  extract  concentrations  directly 
the  calibration  curve. 

2.  Calculate  sample  concentrations  from: 


cone .  ( mg/1 )  »  A  X-B 

C 


where: 

A  =  Concentration  of  extract  determined  from 
calibration  curve,  in  mg/1 

B  =  ml  of  freon  used  to  extract 

C  -  Volume  of  water  sample  extracted,  in  ml 


by 

the 

from 
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■Sam  tuMWon  MoUd  b*  p*rr*rm«d  arwaalaty  upon  Hfiww  co— ctrin.  For  nrurpoaaa  cnamcri  irc  n  aaoi  akquot  mould  to  praaarvad  at  tto  ana  at  co— toon  wnan  taa  a 
an  maonaaad  —mg—  maaaa  a  «nooa»Oa  lo  praaarva  aam  uojoC  man  cnanaeal  aanroaa  may  oa  in— no  by  mamtaaang  at  a’C  uma  contbcaong  and  urrow  toanais  •  oorrx— 

»wnon  any  larva  a  to  ba  aftep—  by  common  camar  or  aant  mrougn  ma  Untad  Slataa  Uada.  a  mua<  comely  mm  ma  Oapartmam  ol  Tranaoortabon  Hazardous  Uatanma  Banmaaona  i » 
CFFI  Pan  172).  Tto  paraon  oTtarmo  aucn  matanal  isr  tranaeoranon  a  r—pon—  lor  anawmg  aucn  compaanca.  For  ma  jx—arvaton  raquaamanta  ot  TaOla  ll.  ma  Otnca  ol  Ha— izm 
Uatarma.  M— la  Trwaeortabo  i  Bureau.  Daoanmam  ol  Traraeortabon  naa  dalarmaiad  mat  ma  Hazardoua  MatanaM  Raguiationa  do  not  aee*y  to  ma  tqio— g  matanaM:  Hyorocteunc  aoa 
IHCD  at  eaaar  aoMdna  m  conoantranona  ol  0.0«%  by  — gm  or  laaa  (pH  about  t  96  or  greatar):  Nano  aod  (HNOi)  n  aalar  aoa/Oona  at  concaneeaona  ol  0.1S%  by  redr  or  waa  (pH  mo* 
i  S2  or  araamtr.  SiaHatc  aod  (H.SO.)  m  water  aokieorta  at  ooncantraaana  or  0.38%  by  •mft  or  laaa  (pH  about  t.ts  or  greatar):  and  So—  nydmada  (NaOH)  n  waiar  aoaaora  a 
i-raw 0.000%  by  MQht  of  Im  (pH  it?**/  12-30  of  mi). 

■Sampiaa  mould  ba  anaryzed  aa  aoon  aa  poaabla  altar  coaacaon.  The  tanaa  aaaad  are  ma  maamum  tmaa  mat  tamoiaa  may  ba  nald  balore  analyea  and  aoa  bn  conaatared  vaad  Santpaa 
may  be  nadd  lor  (onoar  panoda  only  a  ma  pamwiaa.  or  mon-nog  laboratory,  toa  data  on  Ma  to  mow  mat  ma  —aerie  tyeee  ol  aameiaa  under  tajdy  are  ataoa  ter  me  longer  oma.  m  tea 
raoaarad  a  vanance  from  me  Major—  Ajnweaaaiot  under  I  136.3(a).  Soma  aameiaa  may  net  ba  atabla  lor  ma  maerrun  oma  panod  oven  n  the  tab*.  A  pamtmaa.  or  monaottnn  laboratory  a 
zagaae  u  mid  ma  aanxxa  (or  a  borer  oma  a  knowledge  aces  to  mow  mat  mm  •  naraaaary  to  matraam  aampM  rtatrtay  Saa  1 138.3(a)  lor  dame 

•Snotaa  owy  ba  and  m  ma  maeanca  o I  marine  oHonna. 

■Uaaruti  ttokdng  oma  ia  24  hart  «men  um  •  praaent  Opaonady  M  ear— lee  may  oa  taalad  writ  Mad  acetate  pace  before  pH  adluaimanta  «t  order  to  datannata  4  audlda  e  III 
if  ariMe  ■  praaed.  t  can  Oa  removed  by  ma  eddbon  at  cadmarm  maett  powder  ma  a  negetiyn  mot  taat  a  odtamad.  The  aampta  a  nttarad  and  man  NaOH  a  added  to  pH  u 
Sa  reran  mould  ba  Wared  rnmeOatety  on-ada  belora  addno  praaatvatwa  lor  rSeecHea  matea 

•Gudmca  agpfraa  to  aamolaa  to  to  anaryzed  by  GC.  1C.  or  GC/MS  lor  aoecric  comeeunde 

‘Sameta  wrmg  no  pH  adruttmem  muat  ba  analyzed  wrttm  raven  day*  ol  aampang. 

'•The  pH  adyatmanl  a  not  raquxad  it  acroum  ma  not  ba  maaaurad.  Same lee  lor  atrolayi  racarvtng  no  pH  aOtuatmant  muat  ba  analyzed  mtfyn  3  deyi  ol  uanear^. 

"Whan  ma  exmectaole  enalytee  ot  concern  lad  warm  a  angle  ctomcal  category,  ma  adeemed  praaarvatrva  and  maiomum  notomg  pmaa  mould  ba  obaerved  lor  oobmum  tatagumo  3 
ramble  raegrty.  Whan  ma  analytaa  ol  concern  IM  wrtrm  me  or  mere  eftamee  catagona*  ma  temple  may  ba  praaarvad  by  cooang  lo  4‘C.  reducing  rnoual  emorma  writ  o  008%  aodam 
dwoauriata.  aiormg  at  ma  dam.  and  adiuasng  ma  pH  (a  8-P.  aameiaa  oral  erred  at  ttve  mannar  may  ba  nald  lor  aavnn  day*  Patera  aatracbon  and  tor  forty  aaya  attar  exvacaon.  Exceooone  e 
Tm  coeonal  praaarvatton  and  foasng  trie  procedure  are  noted  at  (ootnota  5  (ra  tne  'ecu*  ament  lor  traoaulfaia  reduction  ol  raariual  cmormal.  and  lootnotaa  12.  13  Ira  ma  anatyaa  3 
tunatwi 

'•It  1 2-denatrytrtydnzma  »  Mealy  to  ba  praaent.  adiuet  ma  pH  ol  the  aampia  to  4.0±0.2  to  prarartt  rsarrangamant  to  tonzxsne. 

"Ertracta  may  ba  atorad  up  to  7  daye  batora  anatyaa  it  nor  age  «  conducted  under  an  nan  loxriam-treal  atmorpnara. 

‘For  ma  anaryam  or  mpnanytratioaanana.  add  0008%  NttSiGi  and  aoiuai  pH  to  7-10  »rm  NaOH  rntran  24  noun  ol  sampling. 

'•The  pH  adtuetment  may  ba  partormad  upon  recaex  at  ma  laboratory  and  may  ba  onanad  it  ma  aameiaa  are  extracted  witrm  72  hotn  of  collection.  For  ma  analyaai  ot  norm,  add  0.006% 
NaAOr 


8.  Appendices  A.  B.  and  C  are  added  to 
Pari  136  to  read  as  follows: 

APPENDIX  A  TO  PART  136— METHODS 
FOR  ORGANIC  CHEMICAL  ANALYSIS  OF 
MUNICIPAL  AND  INDUSTRIAL 
WASTEWATER. 

Method  601 — Purgeable  Halocarbons 

7.  Scope  and  Application 

1.1  This  method  covers  the  determination 
of  39  purgeable  halocarbons. 

The  following  parameters  may  be 
determined  by  this  method: 


STCflET 

No. 

CAS  NO. 

1  32101 

75-27-4 

32104 

7S-2S-2 

,  34413 

74-83-0 

3 2102  1 

56-23-5 

,  34301 

|  34311 

106-90-7 

75-00-3 

2-OUororifTirtwiyl  atner . . . 

34576 

100-75-6 

32106 

67-66-3 

74-67-3 

i  32105 

124-46-1 

t  -2-CtcraoroOonzana - - - 

34536 

95-50-1 

34566  1 

34571  1 

541-73-1 

106-46-7 

t  .4-0*1  aorooanrrano. — . 

DicftloroiWttwntttunF . . 

!  34 etj , 

j  75-71-8 

j  344S  < 

|  3453 

75-34-3 

!  107-06-2 

1.1-Qcrtcroethane . 1 

3450 >  1 

!  75-35-4 

tran»>  1 2-OxS+ytomirmnm . j 

34546 

156-60-5 

1  78-67-5 

10061-01-5 

c»l  .34>cH!.t  *n* . . 

34704 

lrar*l3^>craotoprop*n» - 

34690 

10061-02-6 

cftonO* . . . - . . 

34/23  j 

75-09-2 

34516  ! 

79-34-5 

34475 

1  127-18-4 

i.i.i-TrtcNoFOftfim 

34506 

71-55-6 

i,l^Thclnowtfwn> . — 

34511 

79-00-5 

39160 

79-01-6 

34466 

75-69-4 

39715 

75-01-4 

1.2  This  is  a  purge  and  trap  gas 
chromatographic  (GC)  method  applicable  to 
the  determination  of  the  compounds  listed 
above  in  municipal  and  industrial  discharges 
as  provided  under  40  CFR  136.1.  When  this 
method  is  used  to  an  ilyze  unfamiliar  samples 
for  any  or  all  of  the  compounds  above, 
compound  identifications  should  be 
supported  by  at  least  one  additional 
qualitative  technique:.  This  method  describes 
analytical  conditions  for  a  second  gas 
chromatographic  column  that  can  be  used  to 
confirm  measurements  made  with  the 


primary  column.  Method  624  provides  gas 
chromatograph/mass  spectrometer  (GC/MS) 
conditions  appropriate  for  the  qualitative  and 
quantitative  confirmation  of  results  for  most 
of  the  parameters  listed  above. 

1.3  The  method  detection  limit  (MDL 
defined  in  Section  12.1)  1  for  each  parameter 
is  listed  in  Table  1.  The  MDL  for  a  specific 
wastewaler  may  differ  from  those  listed, 
depending  upon  the  nature  of  interferences  in 
the  sample  matrix. 

1.4  Any  modification  of  this  method, 
beyond  those  expressly  permitted,  shall  be 
considered  as  a  major  modification  subject  to 
application  and  approval  of  alternate  test 
procedures  under  40  CFR  136.4  and  138.5. 

1.5  This  method  is  restricted  to  use  by  or 
under  the  supervision  of  analysts 
experienced  in  the  operation  of  a  purge  and 
trap  system  and  a  gas  chromatograph  and  in 
the  interpretation  of  gas  chromatograms. 

Each  analyst  must  demonstrate  the  ability  to 
generate  acceptable  results  with  this  method 
using  the  procedure  described  in  Section  8.2. 

2.  Summary  of  Method 

2.1  An  inert  gas  is  bubbled  through  a  5- 
mL  water  sample  contained  in  a  specially- 
designed  purging  chamber  at  ambient 
temperature.  The  halocarbons  are  efficiently 
transferred  from  the  aqueous  phase  to  the 
vapor  phase.  The  vapor  is  swept  through  a 
sorbent  trap  where  the  halocarbons  are 
trapped.  After  purging  is  completed,  the  trap 
is  heated  and  backflushed  with  the  inert  gas 
to  desorb  the  halocarbons  onto  a  gas 
chromatographic  column.  The  gas 
chromatograph  is  temperature  programmed  to 
separate  the  halocarbons  which  are  then 
detected  with  a  halide-specific  detector.15 

2.2  The  method  provides  an  optional  gas 
chromatographic  column  that  may  be  helpful 
in  resolving  the  compounds  of  interest  from 
interferences  that  may  occur. 

3.  interferences 

3.1  Impurities  in  the  puige  gas  and 
organic  compounds  outgassing  from  the 
plumbing  ahead  of  the  trap  account  for  the 
majority  of  contamination  problems.  The 
analytical  system  must  be  demonstrated  to 
be  free  from  contamination  under  the 
conditions  of  the  analysis  by  running 
laboratory  reagent  blanks  as  described  in 
Section  8.1.3-  The  use  of  non-Teflon  plastic 


tubing.  non-Teflon  thread  sealants,  or  flow 
controllers  with  rubber  components  in  the 
purge  and  trap  system  should  be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics  (particularly 
fluorocarbons  and  methylene  chloride) 
through  the  septum  seal  into  the  sample 
during  shipment  and  storage.  A  field  reagec- 
blank  prepared  from  reagent  water  and 
carried  through  the  sampling  and  handling 
protocol  can  serve  as  a  check  on  such 
contamination. 

3.3  Contamination  by  carryover  can 
occur  whenever  high  level  and  low  level 
samples  are  sequentially  analyzed.  To  reduce 
canyover,  the  purging  device  and  sample 
syringe  must  be  rinsed  with  reagent  water 
between  sample  analyses.  Whenever  an 
unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by  an 
analysis  of  reagent  water  to  check  for  cross 
contamination.  For  samples  containing  large 
amounts  of  water-soluble  materials, 
suspended  solids,  high  boiling  compounds  cr 
high  organohaiide  levels,  it  may  be  necessary 
to  wash  out  the  purging  device  with  a 
detergent  solution,  rinse  it  with  distilled 
water,  and  then  dry  it  in  a  105"C  oven 
between  analyses.  The  trap  and  other  parts 
of  the  system  are  also  subject  to 
contamination:  therefore,  frequent  bakeout 
and  purging  of  the  entire  system  may  be 
required. 

4.  Safety 

4.1  The  toxicity  or  carcinogenicity  of  eacc 
reagent  used  in  this  method  has  not  been 
precisely  defined:  however,  each  chemical 
compound  should  be  treated  as  a  potential 
health  hazard.  From  this  viewpoint  exposure 
to  these  chemicals  must  be  reduced  to  the 
lowest  possible  level  by  whatever  means 
available.  The  laboratory  is  responsible  for 
maintaining  a  current  awareness  file  of 
OSHA  regulations  regarding  the  safe 
handling  of  the  chemicals  specified  in  this 
method.  A  reference  file  of  material  data 
handling  sheets  should  also  be  made 
available  to  all  personnel  involved  in  the 
chemical  analysts.  Additional  references  to 
laboratory  safety  are  available  and  have 
been  identified  **for  the  information  of  the 
analyst. 
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4.2  The  following  parameters  covered  by 
(his  method  have  been  tentatively  classified 
as  known  or  suspected,  human  or  mammalian 
carcinogens:  carbon  tetrachloride. 
chloroform.  1.4-dichlorobenzene,  and  vinyl 
chloride.  Primary  standards  of  these  toxic 
compounds  should  be  prepared  in  a  hood.  A 
N10SH/MESA  approved  toxic  gas  respirator 
should  be  worn  when  the  analyst  handles 
high  concentrations  of  these  toxic  compounds 

5.  Apparatus  and  Materials 

5.1  Sampling  equipment,  for  discrete 
sampling. 

5.1.1  Vial — 25-mL  capacity  or  larger, 
equipped  with  a  screw  cap  with  a  hole  in  the 
center  (Pierce  *13075  or  equivalent). 
Detergent  wash,  rinse  with  tap  and  distilled 
water,  and  dry  at  105  'C  before  use. 

5.1.2  Septum — Teflon-faced  silicone 
(Pierce  *12722  or  equivalent).  Detergent 
wash,  rinse  with  tap  and  distilled  water,  and 
dry  at  105  ‘C  for  1  h  before  use. 

5.2  Purge  and  trap  system— The  purge  and 
trap  system  consists  of  three  separate  pieces 
of  equipment:  a  purging  device,  trap,  and 
desorber.  Several  complete  systems  are  now 
commercially  available. 

5.2.1  The  purging  device  must  be  designed 
to  accept  5-mL  samples  with  a  water  column 
at  least  3  cm  deep.  The  gaseous  head  space 
between  the  water  column  and  the  trap  must 
have  a  total  volume  of  less  than  15  mL  The 
purge  gas  must  pass  through  the  water 
column  as  finely  divided  bubbles  with  a 
diameter  of  less  than  3  mm  at  the  origin.  The 
purge  gas  must  be  introduced  no  more  than  5 
mm  from  the  base  of  the  water  column.  The 
purging  device  illustrated  in  Figure  1  meets 
these  design  criteria. 

5.2.2  The  trap  must  be  at  least  25  cm  long 
and  have  an  inside  diameter  of  at  least  0.105 
in.  The  trap  must  be  packed  to  contain  the 
following  minimum  lengths  of  adsorbents:  1.0 
cm  of  methyl  silicone  coated  packing  (Section 
6.3.3),  7.7  cm  of  2.6-diphenylene  oxide 
polymer  (Section  6.3.2).  7.7  cm  of  silica  gel 
(Section  6.3.4),  7.7  cm  of  coconut  charcoal 
(Section  8.3.1).  If  it  is  not  necessary  to 
analyze  for  dichlorodifluoromethane.  the 
charcoal  can  be  eliminated,  and  the  polymer 
section  lengthened  to  15  cm.  The  minimum 
specifications  for  the  trap  are  illustrated  in 
Figure  2. 

5.2.3  The  desorber  mus*  be  capable  of 
rapidly  heating  the  trap  to  180  'C.  The 
polymer  section  of  the  trap  should  not  be 
heated  higher  than  180  "C  and  the  remaining 
sections  should  not  exceed  200  ‘C.  The 
desorber  illustrated  in  Figure  2  meets  these 
design  criteria. 

5.2.4  The  purge  and  trap  system  may  be 
assembled  as  a  separate  unit  or  be  coupled  to 
a  gas  chromatograph  as  illustrated  in  Figures 
3  and  4. 

5.3  Cas  chromatograph — An  analytical 
system  complete  with  a  temperature 
programmable  gas  chromatograph  suitable 
for  on-column  injection  and  all  required 
accessories  including  syringes,  analytical 
columns,  gases,  detector,  and  strip-chart 
recorder.  A  data  system  is  recommended  for 
measuring-peak  areas. 

5.3.1  Column  1 — 8  ft  long  x  0.1  in.  ID 
stainless  steel  or  glass,  packed  with  1%  SP- 
1000  on  Carbopack  B  (60/80  mesh)  or 


equivalent.  This  column  was  used  to  develop 
the  method  performance  statements  in 
Section  12.  Guidelines  for  the  use  of  alternate 
column  packings  are  provided  in  Section  10.1. 

5.3.2  Column  2—6  ft  long  x  0.1  in.  ID 
stainless  steel  or  glass,  packed  with 
chemically  bonded  n-octane  on  Porasil-C 
(100/120  mesh)  or  equivalent. 

5.3.3  Detector — Electrolytic  conductivity 
or  microcoulometric  detector.  These  types  of 
detectors  have  proven  effective  in  the 
analysis  of  wastewaters  for  the  parameters 
listed  in  the  scope  (Section  1.1).  The 
electrolytic  conductivity  detector  was  used  to 
develop  the  method  performance  statements 
in  Section  12.  Guidelines  for  the  use  of 
alternate  detectors  are  provided  in  Section 
10.1. 

5.4  Syringes — 5-mL  glass  hypodermic  with 
Luerlok  tip  (two  each),  if  applicable  to  the 
purging  device. 

5.5  Micro  syringes — 25-p.L,  0.006  in.  ID 
needle. 

5.8  Syringe  valve — 2-way,  with  Luer  ends 
(three  each). 

5.7  Syringe — 5-mL  gas-tight  with  shut-off 
valve. 

5.8  Bottle — 15-mL  screw-cap.  with  Teflon 
cap  liner. 

5.9  Balance — Analytical,  capable  of 
accurately  weighing  0.0001  g. 

6.  Reagents 

6.1  Reagent  water — Reagent  water  is 
defined  as  a  water  in  which  an  interferent  is 
not  observed  at  the  MDL  of  the  parameters  of 
interest. 

6.1.1  Reagent  water  can  ge  generated  by 
passing  tap  water  through  a  carbon  filter  bed 
containing  about  1  lb  ci  activated  carbon 
(Filtrasorb-300.  Calgon  Corp..  or  equivalent). 

8.1.2  A  water  purification  system 
(Millipore  Super-Q  or  equivalent)  may  be 
used  to  generate  reagent  water. 

6.1.3  Reagent  water  may  also  be  prepared 
by  boiling  water  for  15  min.  Subsequently, 
while  maintaining  the  temperature  at  90  C. 
bubble  a  contaminant-free  inert  gas  through 
the  water  for  1  h.  While  still  hot.  transfer  the 
water  to  a  narrow  mouth  screw-cap  bottle 
and  seal  with  a  Teflon-lined  septum  and  cap. 

6.2  Sodium  thiosulfate — (ACS)  Granular. 

6.3  Trap  Materials: 

6.3.1  Coconut  charcoal— 6/10  mesh  sieved 
to  26  mesh.  Bamebey  Cheney,  CA-580-26  lot 
*  M-2649  or  equivalent. 

8.3.2  2,6-Diphenylene  oxide  polymer— 
Tenax.  (60/80  mesh),  chromatographic  grade 
or  equivalent. 

8.3.3  Methyl  silicone  packing — 3%  OV-1 
on  Chromosorb-W  (60/80  mesh)  or 
equivalent. 

6.3.4  Silica  gel — 35/60  mesh.  Davison. 
grade-15  or  equivalent. 

8.4  Methanol — Pesticide  quality  or 
equivalent. 

6.5  Stock  standard  solutions — Stock 
standard  solutions  may  be  prepared  from 
pure  standard  materials  or  purchased  as 
certified  solutions.  Prepare  stock  standard 
solutions  in  methanol  using  assayed  liquids 
or  gases  as  appropriate.  Because  of  the 
toxicity  of  some  of  the  organohalides. 
primary  dilutions  of  these  materials  should 
be  prepared  in  a  hood.  A  NIOSH/MESA 
approved  toxic  gas  respirator  should  be  used 


when  the  analyst  handles  high  concentrations 
of  such  materials. 

8.5.1  Place  about  9.8  mL  of  methanol  into 
a  10-mL  ground  glass  stoppered  volumetric 
flask.  Allow  the  flask  to  stand,  unstoppered, 
for  about  10  min  or  until  all  alcohol  wetted 
surfaces  have  dried.  Weigh  the  flask  to  the 
nearest  0.1  mg. 

6.5.2  Add  the  assayed  reference  matenal: 

8.5. 2.1  Liquid — Using  a  100  jiL  syringe, 
immediately  add  two  or  more  drops  of 
assayed  reference  material  to  the  flask,  then 
reweigh.  Be  sure  that  the  drops  fail  directly 
into  the  alcohol  without  contacting  the  neck 
of  the  flask. 

6.5.2.2  Gases — To  prepare  standards  for 
any  of  the  six  halocarbons  that  boil  below  30 
"  C  (bromomethane.  chloroethane. 
chloromethane,  dichlorodifluoromethane. 
trichlorofluoromethane.  vinyl  chloride),  fill  a 
5-mL  valve d  gas-tight  syringe  with  the 
reference  standard  to  the  5.0-mL  mark.  Lower 
the  needle  to  5  mm  above  the  methanol 
meniscus.  Slowly  introduce  the  reference 
standard  above  the  surface  of  the  liquid  (the 
heavy  gas  will  rapidly  dissolve  into  the 
methanol). 

6.5.3  Reweigh,  dilute  to  volume,  stopper, 
then  mix  by  inverting  the  flask  several  times. 
Calculate  the  concentration  in  ng/»iL  from 
the  net  gain  in  weight.  When  compound 
purity  is  assayed  to  be  96%  or  greater,  the 
weight  can  be  used  without  correction  to 
calculate  the  concentration  of  the  stock 
standard.  Commercially  prepared  stock 
standards  can  be  used  at  any  concentration  if 
they  are  certified  by  the  manufacturer  or  by 
an  independent  source. 

6.5.4  Transfer  the  stock  standard  solution 
into  a  Teflon-sealed  screw-cap  bottle.  Store, 
with  minimal  headspace,  at  -10  to  -20  'C 
and  protect  from  light. 

6.5.5  Prepare  fresh  standards  weekly  for 
the  six  gases  and  2-chloroethylvinvl  ether.  Al) 
other  standards  must  be  replaced  after  one 
month,  or  sooner  if  comparison  with  check 
standards  indicates  a  problem. 

6.8  Secondary  dilution  standards — Using 
stock  standard  solutions,  prepare  secondary 
dilution  standards  in  methanol  that  contain 
the  compounds  of  interest,  either  singly  or 
mixed  together.  The  secondary  dilution 
standards  should  be  prepared  at 
concentrations  such  that  the  aqueous 
calibration  standards  prepared  in  Sections 

7.3.1  or  7.4.1  wifi  bracket  the  working  range  of 
the  analytical  system.  Secondary  dilution 
standards  should  be  stored  with  minimal 
headspace  and  should  be  checked  frequently 
for  signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing  calibration 
standards  from  them. 

8.7  Quality  control  check  sample 
concentrate — See  Section  8.2.1. 

7.  Calibration 

7.1  Assemble  a  purge  and  trap  system 
that  meets  the  specifications  in  Section  5.2. 
Condition  the  trap  overnight  at  180  ’C  by 
backflushing  with  an  inert  gas  flow  of  at  least 
20  mL/min.  Condition  the  trap  for  10  min 
once  daily  pnor  to  use. 

7.2  Connect  the  purge  and  trap  system  to 
a  gas  chromatograph.  The  gas  chromatograph 
must  be  operated  using  temperature  and  flow 
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rate  conditions  equivalent  to  those  given  in 
Table  1.  Calibrate  the  purge  and  trap-gas 
chromatographic  system  using  either  the 
external  standard  technique  (Section  7.3)  or 
the  internal  standard  technique  (Section  7.4). 

7.3  External  standard  calibration 
procedure; 

7.3.1  Prepare  calibration  standards  at  a 
minimum  of  three  concentration  levels  for 
each  parameter  by  carefully  adding  20.0  pL  of 
one  or  more  secondary  dilution  standards  to 
100.  500.  or  1000  mL  of  reagent  water.  A  25-pL 
syringe  with  a  0.006  in.  ID  needle  should  be 
used  for  this  operation.  One  of  the  external 
standards  should  be  at  a  concentration  near, 
but  above,  the  MDL  (Table  1)  and  the  other 
concentrations  should  correspond  to  the 
expected  range  of  concentrations  found  in 
real  samples  or  should  define  the  working 
range  of  the  detector.  These  aqueous 
standards  can  be  stored  up  to  24  h.  if  held  in 
sealed  vials  with  zero  headspace  as 
described  in  Section  9.2.  If  not  so  stored,  they 
must  be  discarded  after  1  h. 

7.3.2  Analyze  each  calibration  standard 
according  to  Section  10.  and  tabulate  peak 
height  or  area  responses  versus  the 
concentration  in  the  standard.  The  results 
can  be  used  to  prepare  a  calibration  curve  for 
each  compound.  Alternatively,  if  the  ratio  of 
response  to  concentration  (calibration  factor) 
is  a  constant  over  the  working  range  ( <10% 
relative  standard  deviation.  RSD).  linearity 
through  the  origin  can  be  assumed  and  the 
average  ratio  or  calibration  factor  can  be 
used  in  place  of  a  calibration  curve. 

7.4  Internal  standard  calibration 
procedure — To  use  this  approach,  the  analyst 
must  select  one  or  more  internal  standards 
that  are  similar  in  analytical  behavior  to  the 
compounds  of  interest  The  analyst  must 
further  demonstrate  that  the  measurement  of 
the  internal  standard  is  not  affected  by 
method  or  matTix  interferences.  Because  of 
these  limitations,  no  internal  standard  can  be 
suggested  that  is  applicable  to  all  samples. 
The  compounds  recommended  for  use  as 
surrogate  spikes  in  Section  6.7  have  been 
used  successfully  as  internal  standards, 
because  of  their  generally  unique  retention 
times. 

7.4.1  Prepare  calibration  standards  at  a 
minimum  of  three  concentration  levels  for 
each  parameter  of  interest  as  described  in 
Section  7.3.1. 

7.4.2  Prepare  a  spiking  solution  containing 
each  of  the  internal  standards  using  the 
procedures  described  in  Sections  6.5  and  8.6. 
It  is  recommended  that  the  secondary 
dilution  standard  be  prepared  at  a 
concentration  of  15  pg/mL  of  each  internal 
standard  compound.  The  addition  of  10  pL  of 
this  standard  to  5.0  mL  of  sample  or 
calibration  standard  would  be  equivalent  to 
30pg/L 

7.4-3  Analyze  each  calijration  standard 
according  to  Section  10.  adding  10  pL  of 
internal  standard  spiking  solution  directly  to 
the  syringe  (Section  10.4).  Tabulate  peak 
height  or  area  responses  against 
concentration  for  each  compound  and 
internal  standard,  and  calculate  response 
factor*  (RF)  for  each  compound  using 
Equation  2. 

Equation  1. 
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where: 

A, »  Response  for  the  parameter  to  be 
measured. 

A*  «  Response  for  the  internal  standard. 

C»= Concentration  of  the  internal 
standard. 

C,= Concentration  of  the  parameter  to  be 
measured. 

if  the  RF  value  over  the  working  range  is  a 
constant  ( <10%  RSD),  the  RF  can  be 
assumed  to  be  invariant  and  the  average  RF 
can  be  used  for  calculations.  Alternatively, 
the  results  can  be  used  to  plot  a  calibration 
curve  of  response  ratios.  A J  A*,  vs.  RF. 

7.5  The  working  calibration  curve, 
calibration  factor,  or  RF  must  be  verified  on 
each  working  day  by  the  measurement  of  a 
QC  check  sample. 

7.5.1  Prepare  the  QC  check  sample  as 
described  in  Section  6.2.2. 

7.5.2  Analyze  the  QC  check  sample 
according  to  Section  10. 

7.5.3  For  each  parameter,  compare  the 
response  (Q)  with  the  corresponding 
calibration  acceptance  criteria  found  in  Table 
2.  If  the  responses  for  all  parameters  of 
interest  fall  within  the  designated  ranges, 
analysis  of  actual  samples  can  begin.  If  any 
individual  Q  falls  outside  the  range,  proceed 
according  to  Section  7.5.4. 

Note:  The  large  number  of  parameters  in 
Table  2  present  a  substantial  probability  that 
one  or  more  will  not  meet  the  calibration 
acceptance  criteria  when  all  parameters  are 
analyzed. 

7.5.4  Repeat  the  test  only  for  those 
parameter*  that  failed  to  meet  the  calibration 
acceptance  criteria.  If  the  response  for  a 
parameter  does  not  fall  within  the  range  in 
this  second  test,  a  new  calibration  curve, 
calibration  factor,  or  RF  must  be  prepared  for 
that  parameter  according  to  Section  7.3  or  7.4. 

<St  Quality  Control 

8.1  Each  laboratory  that  uses  this  method 
is  required  to  operate  a  formal  quality  control 
program.  The  minimum  requirements  of  this 
program  consist  of  an  initial  demonstration  of 
laboratory  capability  and  an  ongoing 
analysis  of  spiked  samples  to  evaluate  and 
document  data  quality.  The  laboratory  must 
maintain  records  to  document  the  quality  of 
data  that  is  generated.  Ongoing  data  quality 
checks  are  compared  with  established 
performance  criteria  to  determine  if  the 
results  of  analyses  meet  the  performance 
characteristics  of  the  method.  When  results 
of  sample  spikes  indicate  atypical  method 
performance,  a  quality  control  check 
standard  must  be  analyzed  to  confirm  that 
the  measurements  were  performed  in  an  in¬ 
control  mode  of  operation. 

61.1  The  analyst  must  make  an  initial, 
one-time,  demonstration  of  the  ability  to 
generate  acceptable  accuracy  and  precision 
with  this  method.  This  ability  is  established 
as  described  in  Section  8.Z 

81.2  In  recognition  of  advances  that  are 
occurring  in  chromatography,  the  analyst  is 
permitted  certain  option*  (detailed  in  Section 
10.1)  to  improve  the  separations  or  lower  the 
cost  of  measurements.  Each  time  such  a 
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modification  is  made  to  the  method,  the 
analyst  is  required  to  repeat  the  procedure  in 
Section  8.2. 

8.1.3  Each  day.  the  analyst  must  analyze  a 
reagent  water  blank  to  demonstrate  that 
interference*  from  the  analytical  system  are 
under  control. 

8.1.4  The  laboratory  must,  on  an  ongoing 
basis,  apike  and  analyze  a  minimum  of  10%  of 
all  samples  to  monitor  and  evaluate 
laboratory  data  quality.  This  procedure  is 
described  in  Section  8.3. 

8.1.5  The  laboratory  must,  on  an  ongoing 
basis,  demonstrate  through  the  analyses  of 
quality  control  check  standards  that  the 
operation  of  the  measurement  system  is  in 
control.  This  procedure  is  described  in 
Section  8.4.  The  frequency  of  the  check 
standard  analyses  is  equivalent  to  10%  of  all 
samples  analyzed  but  may  be  reduced  if 
spike  recoveries  from  samples  (Section  8.3) 
meet  all  specified  quality  control  criteria. 

81.8  The  laboratory  must  maintain 
performance  records  to  document  the  quality 
of  data  that  is  generated.  This  procedure  is 
described  in  Section  8.5. 

8.2  To  establish  the  ability  to  generate 
acceptable  accuracy  and  precision,  the 
analyst  must  perform  the  following 
operations. 

8.2.1  A  quality  control  (QC)  check  sampie 
concentrate  is  required  containing  each 
parameter  of  interest  at  a  concentration  of  10 
pg/mL  in  methanol.  The  QC  check  sample 
concentrate  must  be  obtained  horn  the  U.S. 
Environmental  Protection  Agency. 
Environmental  Monitoring  and  Support 
Laboratory  in  Cincinnati.  Ohio,  if  available.  If 
not  available  from  that  source,  the  QC  check 
sample  concentrate  must  be  obtained  from 
another  external  source.  If  not  available  from 
either  source  above,  the  QC  check  sample 
concentrate  must  be  prepared  by  the 
laboratory  using  stock  standards  prepared 
independently  from  those  used  for 
calibration. 

62.2  Prepare  a  QC  check  sample  to 
contain  20  pg/L  of  each  parameter  by  adding 
200  pL  of  QC  check  sample  concentrate  to 
100  mL  of  reagent  water. 

8.2.3  Analyze  four  5-mL  aliquots  of  the 
well-mixed  QC  check  sample  according  to 
Section  10. 

8.2.4  Calculate  the  average  recovery  (X) 
in  pg/L.  and  the  standard  deviation  of  the 
recovery  (s)  in  jig/L  for  each  parameter  of 
interest  using  the  four  results. 

8.Z5  For  each  parameter  compare  s  and  X 
with  the  corresponding  acceptance  criteria 
for  precision  and  accuracy,  respectively, 
found  in  Table  Z  If  s  and  X  for  all  parameters 
of  interest  meet  the  acceptance  criteria,  the 
system  performance  is  acceptable  and 
analysis  of  actual  sample*  can  begin.  If  any 
individual  s  exceeds  the  precision  limit  o.- 
any  individual  X  falls  outside  the  range  for 
accuracy,  then  the  system  performance  is 
unacceptable  for  that  parameter. 

Note:  The  large  number  of  parameter*  in 
Table  2  present  a  substantial  probability  that 
one  or  more  will  fail  at  least  one  of  the 
acceptance  criteria  when  all  parameters  are 
analyzed. 

8.Z6  When  one  or  more  of  the  parameter* 
tested  fail  at  least  one  of  the  acceptance 
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criteria,  the  analyat  mult  proceed  according 
to  Section  8.2.8.1  or  8.2.8.Z. 

8. 2.8.1  Locate  and  correct  the  source  of 
the  problem  and  repeat  the  teat  for  all 
parameters  of  interest  beginning  with  Section 
8.2J. 

82.8.2  Beginning  with  Section  82.3.  repeat 
the  test  only  for  those  parameters  that  failed 
io  meet  criteria.  Repeated  failure,  however, 
will  confirm  a  general  problem  with  the 
measurement  system.  If  this  occurs,  locate 
and  correct  the  source  of  the  problem  and 
repeat  the  test  for  all  compounds  of  interest 
beginning  with  Section  8.2.3. 

8.3  The  laboratory  must  on  an  ongoing 
basis,  spike  at  least  10%  of  the  samples  from 
each  sample  site  being  monitored  to  assess 
accuracy.  For  laboratories  analyzing  one  to 
ten  samples  per  month,  at  least  one  spiked 
sample  per  month  is  required. 

8.3.1  The  concentration  of  the  spike  ir.  the 
sample  should  be  determined  as  follows: 

8.3.1. 1  If.  as  in  compliance  monitoring,  the 
concentration  of  a  specific  parameter  in  the 
sample  is  being  checked  against  a  regulatory 
concentration  limit,  the  spike  should  be  at 
that  limit  or  1  to  5  times  higher  than  the 
background  concentration  determined  in 
Section  8.3.2.  whichever  concentration  would 
be  larger. 

8.3.1.2  If  the  concentration  of  a  specific 
parameter  in  the  sample  is  not  being  checked 
against  a  limit  specific  to  that  parameter,  the 
spike  should  be  at  20  pg/L  or  1  to  5  times 
higher  than  the  background  concentration 
determined  in  Section  8.3.2.  whichever 
concentration  would  be  larger. 

8.3.2  Analyze  one  5-mL  sample  aliquot  to 
determine  the  oackground  concentration  (B) 
of  each  parameter.  If  necessary,  prepare  a 
new  QC  check  sample  concentrate  (Section 
8.2.1)  appropriate  for  the  background 
concentrations  in  the  sample.  Spike  a  second 
5-mL  sample  aliquot  with  10  |iL  of  the  QC 
check  sample  concentrate  and  analyze  it  to 
determine  the  concentration  after  spiking  (A) 
of  each  parameter.  Calculate  each  percent 
recovery  (P)  as  100(A-B)%/T.  where  T  is  the 
known  true  value  of  the  spike. 

8.3.3  Compare  the  percent  recovery  (P)  for 
each  parameter  with  the  corresponding  QC 
acceptance  criteria  found  in  Table  2.  These 
acceptance  criteria  were  calculated  to 
include  an  allowance  for  error  in 
measurement  of  both  the  background  and 
spike  concentrations,  assuming  a  spike  to 
background  ratio  of  5:1.  This  error  will  be 
accounted  for  to  the  extent  that  the  analyst's 
spike  to  background  ratio  approaches  5:1.’  If 
spiking  was  performed  at  a  concentration 
lower  than  20  jig/L.  the  analyst  must  use 
either  the  QC  acceptance  criteria  in  Table  2. 
or  optional  QC  acceptance  criteria  calculated 
for  the  specific  spike  concentration.  To 
calculate  optional  acceptance  criteria  for  the 
recovery  of  a  parameter  (1)  Calculate 
accuracy  (X')  using  the  equation  in  Table  3. 
substituting  the  spike  concentration  (T)  for  C: 
(2)  calculate  overall  precision  (S')  using  the 
equation  in  Table  3.  substituting  X’  for  X:  (3) 
calculate  the  range  for  recovery  at  the  spike 
concentration  as  (100  X’/T)  ±2.44(100  S’/ 

T)%.’ 

8.3.4  If  any  individual  P  falls  outside  the 
designated  range  for  recovery,  that  parameter 
has  failed  the  acceptance  criteria.  A  check 


standard  containing  each  parameter  that 
failed  the  criteria  must  be  analyzed  as 
described  in  Section  8.4. 

8.4  If  any  parameter  fails  the  acceptance 
criteria  for  recovery  in  Section  82.  a  QC 
check  standard  containing  each  parameter 
that  failed  must  be  prepared  and  analyzed. 

Note:  The  frequency  for  the  required 
analysis  of  a  QC  check  standard  will  depend 
upon  the  number  of  parameters  being 
simultaneously  tested,  the  complexity  of  the 
sample  matrix,  and  the  performance  of  the 
laboratory.  If  the  entire  list  of  parameters  in 
Table  2  must  be  measured  in  the  sample  in 
Section  8.3.  the  probability  that  the  analysis 
of  a  QC  check  standard  will  be  required  is 
high.  In  this  case  the  QC  check  standard 
should  be  routinely  analyzed  with  the  spiked 
sample. 

8.4.1  Prepare  the  QC  check  standard  by 
adding  10  p.L  of  QC  check  sample  concentrate 
(Sections  8.2.1  or  8.3.2)  to  5  mL  of  reagent 
water.  The  QC  check  standard  needs  only  to 
contain  the  parameters  that  failed  criteria  in 
the  test  in  Section  8.3. 

8.4.2  Analyze  the  QC  check  standard  to 
determine  the  concentration  measured  (A)  of 
each  parameter.  Calculate  each  percent 
recovery  (P,)  as  100  (A/T)%,  where  T  is  the 
true  value  of  the  standard  concentration. 

8.4.3  Compare  the  percent  recovery  (P.) 
for  each  parameter  with  the  corresponding 
QC  acceptance  criteria  foi  nd  in  Table  2. 

Only  parameters  that  failed  the  test  in 
Section  8.3  need  to  be  compared  with  these 
criteria.  If  the  recovery  of  any  such  parameter 
falls  outside  the  designated  range,  the 
laboratory  performance  for  that  parameter  is 
judged  to  be  out  of  control,  and  the  problem 
must  be  immediately  identified  and 
corrected.  The  analytical  result  for  that 
parameter  in  the  unspiked  sample  is  suspect 
and  may  not  be  reported  for  regulatory 
compliance  purposes. 

8.5  As  part  of  the  QC  program  for  the 
laboratory,  method  accuracy  for  wastewater 
samples  must  be  assessed  and  records  must 
be  maintained.  After  the  analysis  of  five 
spiked  wastewater  samples  as  in  Section  8.3. 
calculate  the  average  percent  recovery  (P) 
and  the  standard  deviation  of  the  percent 
recovery  (s„).  Express  the  accuracy 
assessment  as  a  percent  recovery  interval 
from  P-2s»  to  P  +  23„.  If  p  =  90%  and  s„  =  10%. 
for  example,  the  accuracy  interval  is 
expressed  as  78-110%.  Update  the  accuracy 
assessment  for  each  parameter  on  a  regular 
basis  (e.g.  after  each  five  to  ten  new  accuracy 
measurements). 

8.8  It  is  recommended  that  the  laboratory 
adopt  additional  quality  assurance  practices 
for  use  with  this  method.  The  specific 
practices  that  are  most  productive  depend 
upon  the  needs  of  the  laboratory  and  the 
nature  of  the  samples.  Field  duplicates  may 
be  analyzed  to  assess  the  precision  of  the 
environmental  measurements.  When  doubt 
exists  over  the  identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques  such 
as  gas  chromatography  with  a  dissimilar 
column,  specific  element  detector,  or  mass 
spectrometer  must  be  used.  Whenever 
possible,  the  laboratory  should  analyze 
standard  reference  materials  and  participate 
in  relevant  performance  evaluation  studies. 

8.7  The  analyst  should  monitor  both  the 
performance  of  the  analytical  system  and  the 


effectiveness  of  the  method  in  dealing  with 
each  sample  matrix  by  spiking  each  sample, 
standard,  and  reagent  water  blank  with 
surrogate  haiocarbons.  A  combination  of 
bromochloromethane.  2-bromo-l- 
chioropropane.  and  1.4-dichlorobutane  is 
recommended  to  encompass  the  range  of  the 
temperature  program  used  in  this  method. 
From  stock  standard  solutions  prepared  as  in 
Section  6.5.  add  a  volume  to  give  750  of 
each  surrogate  to  45  mL  of  reagent  water 
contained  in  a  50-mL  volumetric  flask,  mix 
and  dilute  to  volume  for  a  concentration  of  15 
ng/j*L  Add  10  j*L  of  this  surrogate  spiking 
solution  directly  into  the  5-mL  syringe  with 
every  sample  and  reference  standard 
analyzed.  Prepare  a  fresh  surrogate  spiking 
solution  on  a  weekly  basis.  If  the  internal 
standard  calibration  procedure  is  being  used, 
the  surrogate  compounds  may  be  added 
directly  to  the  internal  standard  spiking 
solution  (Section  7.4.2). 

9.  Sample  Collection.  Preservation,  and 
Handling 

9.1  All  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection  until 
analysis.  If  the  sample  contains  ’ree  or 
combined  chlorine,  add  sodium  thiosulfate 
preservative  (10  mg/40  mL  is  sufficient  for  up 
to  5  ppm  CL)  to  the  empty  sample  bottle  just 
prior  to  shipping  to  the  sampling  site.  EPA 
Methods  330.4  and  330.5  may  be  used  for 
measurement  of  residual  chlorine.*  Field  test 
kits  are  available  for  this  purpose. 

9.2  Grab  samples  must  be  collected  in 
glass  containers  having  a  total  volume  of  at 
least  25  mL  Fill  the  sample  bottle  just  to 
overflowing  in  such  a  manner  that  no  air 
bubbles  pass  through  the  sample  as  the  bottle 
is  being  filled.  Seal  the  bottle  so  that  no  air 
bubbles  are  entrapped  in  it.  If  preservative 
has  been  added,  shake  vigorously  for  1  min. 
Maintain  the  hermetic  seal  on  the  sample 
bottle  until  time  of  analysis. 

9.3  All  samples  must  be  analyzed  within 
14  days  of  collection.3 

10.  Procedure 

10.1  Table  1  summarizes  the 
recommended  operating  conditions  for  the 
gas  chromatograph.  Included  in  this  table  are 
estimated  retention  times  and  MDL  that  can 
be  achieved  under  these  conditions.  An 
example  of  the  separations  achieved  by 
Column  1  is  shown  in  Figure  5.  Other  packed 
columns,  chromatographic  conditions,  or 
detectors  may  be  used  if  the  requirements  of 
Section  8.2  are  met. 

10.2  Calibrate  the  system  daily  as 
described  in  Section  7. 

10.3  Adjust  the  purge  gas  (nitrogen  or 
helium)  flow  rate  to  40  mL/min.  Attach  the 
trap  inlet  to  the  purging  device,  and  set  the 
purge  and  trap  system  to  purge  (Figure  3). 
Open  the  syringr  valve  located  on  the 
purging  device  sample  introduction  needle. 

10.4  Allow  the  sample  to  come  to  ambient 
temperature  prior  to  introducing  it  to  the 
syrnge.  Remove  the  plunger  from  a  5-mL 
syringe  and  attach  a  closed  synnge  valve. 
Open  the  sample  bottle  (or  standard)  and 
carefully  pour  the  sample  into  the  syringe 
barrel  to  just  short  of  overflowing.  Replace 
the  syringe  plunger  and  compress  the  sample. 
Open  the  syringe  valve  and  vent  any  residual 
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air  while  adjusting  the  sample  volume  to  SlO 
mL  Since  this  process  of  taking  an  aliquot 
destroys  the  validity  of  the  sample  for  future 
analysis,  the  analyst  should  fill  a  second 
syringe  at  this  time  to  protect  against 
possible  loss  of  data.  Add  10.0  pL  of  the 
surrogate  spiking  solution  (Section  8.7)  and 
10.0  >iL  of  the  internal  standard  spiking 
solution  (Section  7.4.2).  if  applicable,  through 
the  valve  bore,  then  dose  the  valve. 

10.5  Attach  the  syringe-syringe  valve 
assembly  to  the  syringe  valve  on  the  purging 
device.  Open  the  syringe  valves  and  inject 
the  sample  into  the  purging  chamber. 

10.8  Close  both  valves  and  purge  the 
sample  for  11.02:0.1  min  at  ambient 
temperature. 

10.7  After  the  11-min  purge  time,  attach 
the  trap  to  the  chromatograph,  adjust  the 
purge  and  trap  system  to  the  desorb  mode 
(Figure  4).  and  begin  to  temperature  program 
the  gas  chromatograph.  Introduce  the  trapped 
materials  to  the  GC  column  by  rapidly 
heating  the  trap  to  180  'C  while  backflushing 
the  trap  with  an  inert  gas  between  20  and  60 
mL/min  for  4  min.  If  rapid  heating  of  the  trap 
cannot  be  achieved,  the  GC  column  must  be 
used  as  a  secondary  trap  by  cooling  it  to 
30  *C  (sub ambient  temperature,  if  poor  peak 
geometry  or  random  retention  time  problems 
persist)  instead  of  the  initial  program 
temperature  of  45  *C 

10.8  While  the  trap  is  being  desorbed  into 
the  gas  chromatograph,  empty  the  purging 
chamber  using  the  sample  introduction 
syringe.  Wash  the  chamber  with  two  5-mL 
flushes  of  reagent  water. 

10.9  After  desorbing  the  sample  for  4  min. 
recondition  the  trap  by  returning  the  purge 
and  trap  system  to  the  purge  mode.  Wait  15  s 
then  close  the  syringe  valve  on  the  purging 
device  to  begin  gas  flow  through  the  trap.  The 
trap  temperature  should  be  maintained  at 
180  'C  After  approximately  7  min.  turn  off  the 
trap  heater  and  open  the  syringe  valve  to 
stop  the  gas  flow  through  the  trap.  When  the 
trap  is  cool,  the  next  sample  can  be  analyzed. 

10.10  Identify  the  parameters  in  the 
sample  by  comparing  the  retention  times  of 
the  peaks  in  the  sample  chromatogram  with 
those  of  the  peaks  in  standard 
chromatograms.  The  width  of  the  retention 
time  window  used  to  make  identifications 
should  be  based  upon  measurements  of 
actual  retention  time  variations  of  standards 
over  the  course  of  a  day.  Three  times  the 
standard  deviation  of  a  retention  time  for  a 
compound  can  be  used  to  calculate  a 
suggested  window  size;  however,  the 
experience  of  the  analyst  should  weigh 
heavity  in  the  interpretation  of 
chromatograms. 


10.11  If  the  response  tot  a  peak  exceeds 
the  working  range  of  the  system.  prepare  a 
dilution  of  the  sample  with  reagent  water 
from  the  aliquot  in  the  second  syringe  and 
reanalyze. 

11.  Calculations 

11.1  Determine  the  concentration  of 
individual  compounds  in  the  sample. 

11.1.1  If  the  external  standard  calibration 
procedure  is  used,  calculate  the 
concentration  of  the  parameter  being 
measured  from  the  peak  response  using  the 
calibration  curve  or  calibration  factor 
determined  in  Section  7.3.2. 

11.1.2  If  the  internal  standard  calibration 
procedure  is  used,  calculate  the 
concentration  in  the  sample  using  the 
response  factor  (R F)  determined  in  Section 
7.4.3  and  Equation  2 

Equation  2. 


(A.)(CJ 

Concentration  (pg/ L)  = - 

(A„)(RF) 

where: 

A,  =  Response  for  the  parameter  to  be 
measured. 

A„  =  Response  for  the  internal  standard. 

C„  =  Concentration  of  the  internal 
standard. 

11.2  Report  results  in  fig/L  without 
correction  for  recovery  data.  All  QC  data 
obtained  should  be  reported  with  the  sample 
results. 

12.  Method  Performance 

12.1  The  method  detection  limit  (MDL)  is 
defined  as  the  minimum  concentration  of  a 
substance  that  can  be  measured  and  reported 
with  99%  confidence  that  the  value  is  above 
zero. 1  The  MDL  concentrations  listed  in 
Table  1  were  obtained  using  reagent  water.’ 
Similar  results  were  achieved  using 
representative  wastewaters.  The  MDL 
actually  achieved  in  a  given  analysis  will 
vary  depending  on  instrument  sensitivity  and 
matrix  effects. 

12.2  This  method  is  recommended  for  use 
in  the  concentration  range  from  the  MDL  to 
1000  x  MDL  Direct  aqueous  injection 
techniques  should  be  used  to  measure 
concentration  levels  above  1000XMDL 

12.3  This  method  was  tested  by  20 
laboratories  using  reagent  water,  drinking 
water,  surface  water,  and  three  industrial 
wastewaters  spiked  at  six  concentrations 
over  the  range  8.0  to  500  fig/ L*  Single 


operator  precision,  overall  precision,  and 
method  accuracy  were  found  to  be  directly 
related  to  the  concentration  of  the  parameter 
and  essentially  independent  of  the  sample 
matrix.  Linear  equations  to  describe  these 
relationships  are  presented  in  Table  3. 
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Table  i.— Chromatographic  Conditions  ano  Method  Detection  Limits 
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Table  1.— Chromatographic  Conditions  and  Method  Detection  Limits — Continued 
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0-34.9 

7  9-35.1 
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8.2- 32.6 
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11.2- 24.6 
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10.2- 27.3 
11.4-27.1 
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82-33.8 

8.2- 338 
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14  7-25.3 

4.7 

11  7-28.3 

7  0 

0-144 
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30-150 

40-137 

14-186 

49-133 
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24-191 
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13.7-2*3 

5.6 

14.4-25.0 
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0.3 

14.0-20.0 
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Q  — Concentration  meaaurad  in  QC  Owe*  umN.  in  »g/l  (Section  7  5.3) 
s-Standwd  deviation  of  lot*  recovery  maeauramara.  in  vg/l  (Section  8.2.4|. 
i- Average  recovery  tor  lour  recovery  maaammenta.  vt  ug/l  (Section  U4I 
P.  P.- Percent  recovery  meeeureo  (Section  SJ  2.  Section  9  4  2). 

0- Detected,  reeult  muet  be  greeter  than  rare. 

•  Criteria  ware  celculeMd  eeeunvng  a  QC  check  sample  concentration  or  20  vg/L 


N  ilc  These  criteria  are  based  directly 
upo  the  method  performance  data  in  Table 


3.  Where  necessary,  the  limits  for  recovery 
have  been  broadened  to  assure  applicability 


of  the  limits  to  concentrations  below  those 
used  to  develop  Table  3. 


Table  3.— method  accuracy  and  Precision  as  Functions  of  Concentration— Method  601 
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Table  3.— Methoo  accuracy  and  Precision  as  Functions  or  Concentration— Method  601— Continued 
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X  =  Average  recovery  found  for  measurements  of  samples  containing  j  concentration  of  C.  m  ug/L 

•  Estimates  based  upon  (he  performance  rn  a  single  laboratory.10 
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Figure  1 .  Purging  device. 
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Figure  2.  Trap  packings  and  construction  to  includa 
desorb  capability 
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Figure  3.  Purge  end  trap  system-purge  mode. 
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Figure  4.  Purge  and  trap  system  -  desorb  mode. 
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Method  MS-Purgeable  Aromatic* 

/.  Scope  and  Application 

1.1  Thia  method  cover*  the  determination 
of  various  purgeabie  aroma  tier  The  following 
parameter*  may  be  determined  by  this 
method: 


PsrstnT 

;  ST0RET  I 

1 

CAS  NO. 

. 

14C30 

71-43-2 

i'-  -  - - 

. .  34301 

ioe-io-7 

34536 

9*.  50-1 

1 ,3-CWHoroe*ru*n« . 

34566 

. .  34571 

541-73-1 

106-46-7 

34371 

100-41-4 

. i  34010 

106-66-3 

_  _ _ L 

\2  This  is  a  purge  and  trap  gas 
chromatographic  (GC1  method  applicable  to 
the  determination  of  the  compounds  listed 
above  in  municipal  and  industrial  discharges 
as  provided  under  40  CFR  130.1.  When  this 
method  is  used  to  analyze  unfamiliar  samples 
for  any  or  all  of  the  compounds  above, 
compound  identifications  should  be 
supported  by  at  least  one  additional 
qualitative  technique.  This  method  describes 
analytical  conditions  for  a  second  gas 
chromatographic  column  that  can  be  used  to 
confirm  measurements  made  with  the 
primary  column.  Method  624  provides  gas 
chromatograph/maas  spectrometer  (GC/MS) 
conditions  appropriate  for  the  qualitative  and 
quantitative  confirmation  of  results  for  all  of 
the  parameters  listed  above. 

1.3  The  method  detection  limit  (MDL. 
defined  in  Section  12.1)  1  for  each  parameter 
is  listed  in  Table  1.  The  MDL  for  a  specific 
wastewater  may  differ  from  those  listed, 
depending  upon  the  nature  of  interferences  in 
the  sample  matrix. 

1.4  Any  modification  of  this  method, 
beyond  those  expressly  permitted,  shall  be 
considered  as  a  major  modification  subject  to 
application  and  approval  of  alternate  test 
procedures  under  40  CFR  136.4  and  138.5. 

1.5  Thia  method  is  restricted  to  use  by  or 
under  the  supervision  of  analysts 
experienced  in  the  operation  of  a  purge  and 
trap  system  and  a  gas  chromatograph  and  in 
the  interpretation  of  gas  chromatograms. 

Each  analyst  must  demonstrate  the  ability  to 
generate  acceptable  results  with  this  method 
using  the  procedure  described  in  Section  8.2. 

Z  Summary  of  Method 

2.1  An  inert  gas  is  bubbled  through  a  5- 
mL  water  sample  contained  in  a  specially- 
designed  purging  chamber  at  ambient 
temperature.  The  aromatics  are  efficiently 
transferred  from  the  aqueous  phase  to  the 
vapor  phase.  The  vapor  is  swept  through  a 
sorbent  trap  where  the  aromatics  are 
trapped.  After  purging  is  completed,  the  trap 
is  heated  and  backflushed  with  the  inert  gaa 
to  desorb  the  aromatics  onto  a  gaa 
chromatographic  column.  The  gas 
chromatograph  is  temperature  programmed  to 
separate  the  aromatics  which  are  then 
detected  with  a  photoionization  detector.1' 1 

22  The  method  provides  an  optional  gat 
chromatographic  column  that  may  be  helpful 
in  resolving  the  compounds  of  interest  from 
interference*  that  may  occur. 


J.  Interferences 

3.1  Impurities  in  the  purge  gas  and 
organic  compounds  outgassmg  from  the 
plumbing  ahead  of  the  trap  account  for  the 
majority  of  contamination  problem*.  The 
analytical  system  must  be  demonstrated  to 
be  free  from  contamination  under  the 
conditions  of  the  anaiyaii  by  running 
laboratory  reagent  blanks  at  described  in 
Section  8.1.3.  The  use  of  non-Tefion  plastic 
tubing.  non-Tefion  thread  sealants,  or  flow 
controller*  with  rubber  components  in  the 
purge  and  trap  system  should  be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffuaion  of  volatile  organics  through  the 
leptum  seal  into  the  sample  during  shipment 
and  storage.  A  field  reagent  blank  prepared 
from  reagent  water  and  earned  through  the 
sampling  and  handling  protocol  can  serve  as 
a  check  on  such  contamination. 

3.3  Contamination  by  carry-over  can 
occur  whenever  high  level  and  low  level 
samples  are  sequentially  analyzed.  To  reduce 
carry-over.  Ihe  purging  device  and  sample 
syringe  must  be  rinsed  with  reagent  water 
between  sample  analyses.  Whenever  an 
unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by  an 
analysis  of  reagent  water  to  check  for  cross 
contamination.  For  samples  containing  large 
amounts  of  water-soluble  materials, 
suspended  solids,  high  boiling  compounds  or 
high  aromatic  levels,  it  may  be  necessary  to 
wash  the  purging  device  with  a  detergent 
solution,  rinse  it  with  distilled  water,  and 
then  dry  it  in  an  oven  at  105  *C  between 
analyses.  The  trap  and  other  part*  of  the 
system  are  also  subject  to  contamination; 
therefore,  frequent  bakeout  and  purging  of 
the  entire  system  may  be  required. 

4.  Safety 

4.1  The  toxicity  or  carcinogenicity  of  each 
reagent  used  in  this  method  has  not  been 
precisely  defined;  however,  each  chemical 
compound  should  be  treated  as  a  potential 
health  hazard.  From  this  viewpoint  exposure 
to  these  chemicals  must  be  reduced  to  the 
lowest  possible  level  by  whatever  means 
available.  The  laboratory  is  responsible  for 
maintaining  a  current  awareness  file  of 
OSHA  regulations  regarding  the  safe 
handling  of  the  chemicals  specified  in  this 
method.  A  reference  file  of  material  data 
handling  sheets  should  also  be  made 
available  to  all  personnel  involved  in  the 
chemical  analysis.  Additional  references  to 
laboratory  safety  are  available  and  have 
been  identified  ••  for  the  information  of  the 
analyst 

42  The  following  parameters  covered  by 
thia  method  have  been  tentatively  classified 
as  known  or  suspected,  human  or  mammalian 
carcinogens:  benzene  and  1.4- 
dichlorobenzene.  Primary  standards  of  these 
toxic  compounds  should  be  prepared  in  a 
hood.  A  N10SH/MESA  approved  toxic  gaa 
respirator  should  be  worn  when  the  analyst 
handles  high  concentrations  of  these  toxic 
compounds. 

5.  Apparatus  and  Materials 

5.1  Sampling  equipment  for  discrete 
sampling. 

5.1.1  Vial — 25- mL  capacity  or  larger, 
equipped  with  a  screw  cap  with  a  bole  in  the 


center  (Pierce  *13075  or  equivalent). 
Detergent  wash,  rinse  with  tap  and  distilled 
water,  and  dry  at  105  *C  before  uae. 

5.1.2  Septum— Teflon-faced  silicone 
(Pierce  *12722  or  equivalent).  Detergent 
waih.  rinse  with  tap  and  distilled  weter.  and 
dry  at  106  *C  for  1  h  before  use. 

5-2  Purge  end  trap  syatem— The  purge  sad 
trap  system  consists  of  three  separate  pieces 
of  equipment;  A  purging  device,  trap,  and 
desorber.  Several  complete  systems  are  now 
commercially  available. 

5.2.1  The  purging  device  must  be  designed 
to  accept  5-mL  samples  with  a  water  column 
at  least  3  cm  deep.  The  gaseous  head  jp.ice 
between  the  water  column  and  the  trap  must 
have  a  totai  volume  of  (ess  than  15  mL.  The 
purge  gas  must  pass  through  the  water 
column  as  finely  divided  bubbles  with  a 
diameter  of  lesa  than  3  mm  at  the  origin.  The 
purge  gas  must  be  introduced  no  more  than  5 
mm  from  the  base  of  the  water  column.  The 
purging  device  illustrated  in  Figure  l  meets 
these  design  criteria. 

5.Z2  The  trap  must  be  at  least  25  cm  long 
and  have  an  inside  diameter  of  at  least  0.105 

in. 

5.2.2.1  The  Irap  is  packed  with  1  cm  of 
methyl  silicone  coated  packing  (Section  6.4.2! 
and  23  cm  of  2.6-diphenylene  oxide  polymer 
(Section  6.4.1)  as  shown  in  Figure  2.  This  trap 
was  used  to  develop  the  method  performance 
statements  in  Section  1Z 

5.222  Alternatively,  either  of  the  two 
traps  described  in  Method  601  may  be  used, 
although  water  vapor  will  preclude  the 
measurement  of  low  concentrations  of 
benzene. 

5.Z3  The  desorber  must  be  capable  of 
rapidly  heating  the  trap  to  180  ’C.  The 
polymer  section  of  the  trap  should  not  be 
heated  higher  than  180  *C  and  the  remaining 
sections  should  not  exceed  200  *C.  The 
desorber  illustrated  in  Figure  2  meets  ’hese 
design  criteria. 

5.Z4  The  purge  and  trap  system  mr>y  be 
assembled  as  a  separate  unit  or  be  coupled  to 
a  gas  chromatograph  as  illustrated  in  Figures 
3.  4.  and  5. 

5.3  Gas  chromatograph — An  analytical 
system  complete  with  a  temperature 
programmable  gaa  chromatograph  suitable 
for  on-column  injection  and  all  required 
accessories  including  syringes,  analytical 
columns,  gases,  detector,  and  strip-chart 
recorder.  A  data  system  is  recommended  for 
measuring  peak  areas. 

5.3.1  Column  1—8  ft  long  x  0.082  in.  ID 
stainless  steel  or  glass,  packed  with  5%  SP- 
1200  and  1.75%  Bentone-34  on  Supelcoport 
(100/120  mesb)  or  equivalent  This  column 
was  used  to  develop  the  method  performance 
statement*  in  Section  1Z  Guidelines  for  the 
use  of  alternate  column  packings  are 
provided  in  Section  10.1. 

5.3-2  Column  Z — 8  ft  long  x  0.1  in  ID 
stainless  steel  or  glass,  packed  with  5%  1.2J- 
Tria(2-cyanoethoxy)propane  on  Chromosorb 
W-AW  (80/80  mesh)  or  equivalent. 

5.3.3  Detector — Photoionization  deiector 
(b-Nu  Systems.  Inc.  Model  PI-51-02  or 
equivalent).  This  type  of  detector  has  been 
proven  effective  in  the  analysis  of 
wastewaters  for  the  parameters  listed  in  the 
scope  (Section  1.1),  and  wet  used  to  develop 
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the  method  performance  statements  in 
Section  1Z  Guidelines  for  the  use  of  alternate 
detectors  are  provided  in  Section  10.1. 

5.4  Syringes — S-mL  giass  hypodermic  with 
Luerlok  tip  (two  each),  if  applicable  to  the 
purging  device. 

5.5  Micro  syringes — 25-pJL  0.006  in.  ID 
needle. 

5.6  Syringe  valve— 2-way.  with  Luer  ends 
(three  each). 

5.7  Bottle — 15-mL.  screw-cap,  with  Teflon 
cap  liner. 

5.8  Balance — Analytical,  capable  of 
accurately  weighing  0.0001  g. 

8.  Reagents 

6.1  Reagent  water — Reagent  water  is 
defined  as  a  water  in  which  an  interferent  is 
not  observed  at  the  MDL  of  the  parameters  of 
interest 

6.1.1  Reagent  water  can  be  generated  by 
passing  tap  water  through  a  carbon  filter  bed 
containing  about  1  lb  of  activated  carbon 
(Filtra sorb-300.  Calgon  Corp..  or  equivalent). 

6.1.2  A  water  purification  system 
(Millipore  Super-Q  or  equivalent)  may  be 
used  to  generate  reagent  water. 

6.1.3  Reagent  water  may  also  be  prepared 
by  boiling  water  for  15  min.  Subsequently, 
while  maintaining  the  temperature  at  90  ‘C. 
bubble  a  contaminant-free  inert  gas  through 
the  water  for  1  h.  While  still  hot.  transfer  the 
water  to  a  narrow  mouth  screw-cap  bottle 
and  seal  with  a  Teflon-lined  septum  and  cap. 

8.2  Sodium  thiosulfate — (ACS)  Granular. 

6.3  Hydrochloric  acid  (1  + 1) — Add  50  mL 
of  concentrated  HCI  (ACS)  to  50  mL  of 
reagent  water. 

6.4  Trap  Materials: 

8.4.1  2.8-Diphenylene  oxide  polymer— 
Tenax.  (60/80  mesh),  chromatographic  grade 
or  equivalent. 

8.4.2  Methyl  silicone  packing — 3*  OV-1 
on  Chromosorb-W  (60/80  mesh)  or 
equivalent. 

e .5  Methanol— Pesticide  quality  or 
equivalent 

6.6  Stock  standard  solutions — Stock 
stand,  rd  solutions  may  be  prepared  from 
pure  s  andard  materials  or  purchased  as 
certifi ’d  solutions.  Prepare  stock  standard 
solutions  in  methanol  using  assayed  liquids. 
Because  of  the  toxicity  of  benzene  and  1.4- 
dichlorobenzene.  primary  dilutions  of  these 
materials  should  be  prepared  in  a  hood.  A 
NIPSH/MESA  approved  toxic  gas  respirator 
should  be  used  when  the  analyst  handles 
high  concentrations  of  such  materials. 

6.6.1  Place  about  9.8  mL  of  methanol  into 
a  10-mL  ground  glass  stoppered  volumetric 
flask.  Allow  the  flask  to  stand,  unstoppered, 
for  about  10  min  or  until  all  alcohol  wetted 
surfaces  have  dried.  Weigh  the  flask  to  the 
nearest  0.1  mg. 

6.8.2  Using  a  100-pL  syringe,  immediately 
add  two  or  more  drops  of  assayed  eference 
material  to  the  flask,  then  reweigh.  Be  sure 
that  the  drops  fall  directly  into  the  alcohol 
without  contacting  the  neck  of  the  flask. 

6.6.3  Reweigh,  dilute  to  volume,  stopper, 
then  mix  by  inverting  the  flask  several  times. 
Calculate  the  concentration  in  pg/pL  from 
the  net  gain  in  weight  When  compound 
purity  is  assayed  to  be  96%  or  greater,  the 
weight  can  be  used  without  correction  to 
calculate  the  concentration  of  the  stock 


standard.  Commercially  prepared  stock 
standards  can  be  used  at  any  concentration  if 
they  are  certified  by  the  manufacturer  or  by 
an  independent  source. 

6.8.4  Transfer  the  stock  standard  solution 
into  a  Teflon-sealed  screw-cap  bottle.  Store 
at  4  *C  and  protect  from  light. 

6.6.5  All  standards  must  be  replaced  after 
one  month,  or  sooner  if  comparison  with 
check  standards  indicates  a  problem. 

8.7  Secondary  dilution  standards — Using 
stock  standard  solutions,  prepare  secondary 
dilution  standards  in  methanol  that  contain 
the  compounds  of  interest,  either  singly  or 
mixed  together.  The  secondary  dilution 
standards  should  be  prepared  at 
concentrations  such  that  the  aqueous 
calibration  standards  prepared  in  Sections 

7.3.1  or  7.4.1  will  bracket  the  working  range  of 
the  analytical  system.  Secondary  solution 

'  standards  must  be  stored  with  zero 
headspace  and  should  be  checked  frequently 
for  signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing  calibration 
standards  from  them. 

8.8  Quality  control  check  sample 
concentrate — See  Section  8.2.1. 

7.  Calibration 

7.1  Assemble  a  purge  and  trap  system 
that  meets  the  specifications  in  Section  5.2. 
Condition  the  trap  overnight  at  180  ‘C  by 
backflushing  with  an  inert  gas  flow  of  at  least 
20  mL/min.  Condition  the  trap  for  10  min 
once  daily  prior  to  use. 

7 2  Connect  the  purge  and  trap  system  to 
a  gas  chromatograph.  The  gas  chromatograph 
must  be  operated  using  temperature  and  flow 
rate  conditions  equivalent  to  those  given  in 
Table  1.  Calibrate  the  purge  and  trap-gas 
chromatographic  system  using  either  the 
external  standard  technique  (Section  7.3)  or 
the  internal  standard  technique  (Section  7.4). 

7.3  External  standard  calibration 
procedure: 

7.3.1  Prepare  calibration  standards  at  a 
minimum  of  three  concentration  levels  for 
each  parameter  by  carefully  adding  20.0  fiL  of 
one  or  more  secondary  dilution  standards  to 
100.  500.  or  1000  mL  of  reagent  water.  A  25- 
uL  syringe  with  a  0.006  in.  ID  needle  should 
be  used  for  this  operation.  One  of  the 
external  standards  should  be  at  a 
concentration  near,  but  above,  the  MDL 
(Table  1)  and  the  other  concentrations  should 
correspond  to  the  expected  range  of 
concentrations  found  in  real  samples  or 
should  define  the  working  range  of  the 
detector.  These  aqueous  standards  must  be 
prepared  fresh  daily. 

7.3.2  Analyze  each  calibration  standard 
according  to  Section  10.  and  tabulate  peak 
height  or  area  responses  versus  the 
concentration  in  the  standard.  The  results 
can  be  used  to  prepare  a  calibration  curve  for 
each  compound  Alternatively,  if  the  ratio  of 
response  to  concentration  (calibration  factor) 
is  a  constant  over  the  working  range  (<10% 
relative  standard  deviation.  RSD),  linearity 
through  the  origin  can  be  assumed  and  the 
average  ratio  or  calibration  factor  can  be 
used  in  place  of  a  calibration  curve. 

7.4  Internal  standard  calibration 
procedure — To  use  this  approach,  the  analyst 
must  select  one  or  more  internal  standards 
that  are  similar  in  analytical  behavior  to  the 


compounds  of  interest.  The  analyst  must 
further  demonstrate  that  the  measurement  of 
the  internal  standard  is  not  affected  by 
method  or  matrix  interferences.  Because  of 
these  limitations,  no  internal  standard  can  be 
suggested  that  is  applicable  to  all  samples. 
The  compound  axtA-trifluorotoluene. 
recommended  as  a  surrogate  spiking 
compound  in  Section  8.7  has  been  used 
successfully  as  an  internal  standard. 

7.4.1  Prepare  calibration  standards  at  a 
minimum  of  three  concentration  levels  for 
each  parameter  of  interest  as  described  in 
Section  7.3.1. 

7.4.2  Prepare  a  spiking  solution  containing 
each  of  the  internal  standards  using  the 
procedures  described  in  Section  6.8  and  6.7  It 
is  recommended  that  the  secondary  dilution 
standard  be  prepared  at  a  concentration  of  15 
fig/mL  of  each  internal  standard  compound 
The  addition  of  10  of  this  standard  to  5.0 
mL  of  sample  or  calibration  standard  would 
be  equivalent  to  30  ug/L. 

7.4.3  Analyze  each  calibration  standard 
according  to  Section  10.  adding  10  pL  of 
internal  standard  spiking  solution  directly  to 
the  syringe  (Section  10.4).  Tabulate  peak 
height  or  area  responses  against 
concentration  for  each  compound  and 
internal  standard,  and  calculate  response 
factors  (RF)  for  each  compound  using 
Equation  1. 

Equation  1. 

.  (A,)(C») 

RF= - 

[A„)[C.) 

where: 

A, = Response  for  the  parameter  to  be 
measured. 

A„= Response  for  the  internal  standard. 

C„= Concentration  of  the  internal  standard 

C,  =  Concentration  of  the  parameter  to  be 
measured. 

If  the  RF  value  over  the  working  range  is  a 
constant  ( <10%  RSD).  the  RF  can  be 
assumed  to  be  invariant  and  the  average  RF 
can  be  used  for  calculations.  Alternatively, 
the  results  can  be  used  to  plot  a  calibration 
curve  of  response  ratios.  A./A„  vs.  RF. 

7.5  The  working  calibration  curve, 
calibration  factor,  or  RF  must  be  verified  on 
each  working  day  by  the  measurement  of  a 
QC  check  sample. 

7.5.1  Prepare  the  QC  check  sample  as 
described  in  Section  8 2J. 

7.5 2  Analyze  the  QC  check  sample 
according  to  Section  10. 

7.5.3  For  each  parameter,  compare  the 
response  (Q)  with  the  corresponding 
calibration  acceptance  criteria  found  in  Table 
2.  If  the  responses  for  all  parameters  of 
interest  fall  within  the  designated  ranges, 
analysis  of  actual  samples  can  begin.  If  any 
individual  Q  falls  outside  the  range,  a  new 
calibration  curve,  calibration  factor,  or  RF 
must  be  prepared  for  that  parameter 
according  to  Section  7.3  or  7.4. 

8.  Quality  Control 

8.1  Each  laboratory  that  uses  this  method  is 
required  to  operate  a  formal  quality  control 
program.  The  mimimum  requirements  of  this 
program  consist  of  an  initial  demonstration  of 
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laboratory  capability  and  an  ongoing 
analysis  of  spiked  samples  to  evaluate  and 
document  data  quality.  The  laboratory  must 
maintain  records  to  document  the  quality  of 
data  that  is  generated.  Ongoing  data  quality 
checks  are  compared  with  established 
performance  criteria  to  determine  if  the 
results  of  analyses  meet  the  performance 
characteristics  of  the  method.  When  results 
of  sample  spikes  indicate  atypical  method 
performance,  a  quality  control  check 
standard  must  be  analyzed  to  confirm  that 
the  measurements  were  performed  in  an  in¬ 
control  mode  of  operation. 

8.1.1-  The  analyst  must  make  an  initial, 
one-time,  demonstration  of  the  ability  to 
generate  acceptable  accuracy  and  precision 
with  this  method.  This  ability  is  established 
as  described  in  Section  8.2. 

8.1.2  In  recognition  of  advances  that  are 
occurring  in  chromatography,  the  analyst  is 
permitted  certain  options  (detailed  in  Section 
10.1)  to  improve  the  separations  or  lower  thr 
cost  of  measurements.  Each  time  such  a 
modification  is  made  to  the  method,  the 
analyst  is  required  to  repeat  the  procedure  in 
Section  8.2. 

8.1.3  Each  day,  the  analyst  must  analyze  a 
reagent  water  blank  to  demonstrate  that 
interferences  from  the  analytical  system  are 
under  control. 

8.1.4  The  laboratory  must,  on  an  ongoing 
basis,  spike  and  analyze  a  minimum  of  10%  of 
all  samples  to  monitor  and  evaluate 
laboratory  data  quality.  This  proc'  dure  is 
described  in  Section  8.3. 

8.1.5  The  laboratory  must,  on  an  ongoing 
basis,  demonstrate  through  the  analyses  of 
quality  control  check  standards  that  the 
operation  of  the  measurement  system  is  in 
control.  This  procedure  is  described  in 
Section  8.4.  The  frequency  of  the  check 
standard  analyses  is  equivalent  to  10%  of  all 
samplea  analyzed  but  may  be  reduced  if 
spike  recoveries  from  samples  (Section  8.3) 
meet  ail  specified  quality  control  criteria. 

8.1.8  The  laboratory  must  maintain 
performance  records  to  document  the  quality 
of  data  that  is  generated.  This  procedure  is 
described  in  Section  8.5. 

8.2  To  establish  the  ability  to  generate 
acceptable  accuracy  and  precision,  the 
analyst  must  perform  the  following 
operations. 

8.2.1  A  quality  control  (QC)  check  sample 
concentrate  is  required  containing  each 
parameter  of  interest  at  a  concentration  of  10 
p.g/mL  in  methanol.  The  QC  check  sample 
concentrate  must  be  obtained  from  the  U.S. 
Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory  in  Cincinnati.  Ohio,  if  available.  If 
not  available  from  that  source,  the  QC  check 
sample  concentrate  must  be  obtained  from 
another  external  source.  If  not  available  from 
either  source  above,  the  QC  check  sample 
concentrate  must  be  prepared  by  the 
laboratory  using  stock  standards  prepared 
independently  from  those  used  for 
calibration. 

8.22!  Prepare  a  QC  check  sample  to 
contain  20  ng/L  of  each  parameter  by  adding 
200  pd.  of  QC  check  sample  concentrate  to 
100  mL  of  reagant  water. 

8.2.3  Analyze  four  5-mL  aliquots  of  the 
well-mixed  QC  check  sample  according  to 
Section  10. 


8.2.4  Calculate  the  average  recovery  (X) 
in  pig/L.  and  the  standard  deviation  of  the 
recovery  (s)  in  ug/L.  for  each  parameter  of 
interest  using  the  four  results. 

8.2.5  For  each  parameter  compare  s  and  X 
with  the  corresponding  acceptance  criteria 
for  precision  and  accuracy,  respectively, 
found  in  Table  2.  If  s  and  £  for  all  parameters 
of  interest  meet  the  acceptance  criteria,  the 
system  performance  is  acceptable  and 
analysis  of  actual  samples  can  begin.  If  any 
individual  s  exceeds  the  precision  limit  or 
any  individual  X  fails  outside  the  range  for 
accuracy,  the  system  performance  is 
unacceptable  for  that  parameter. 

Note. — Tbe  !j.-ge  number  cf  parameters  in 
Table  2  present  a  substantial  probability  that 
one  or  more  will  fail  at  least  one  of  the 
acceptance  criteria  when  ail  parameters  are 
analyzed. 

8.2.6  When  one  or  more  of  the  parameters 
tested  fail  at  least  one  of  the  acceptance 
criteria,  the  analyst  must  proceed  according 
to  Section  8.2.8.1  or  8.2.8.2. 

8.2.6.1  Locate  and  correct  the  source  of 
the  problem  and  repeat  the  test  for  alt 
parameters  of  interest  beginning  with  Section 
8.23. 

8.2.8  2  Beginning  with  Section  8.2.3.  repeat 
the  test  only  for  those  parameters  that  failed 
to  meet  criteria.  Repeated  failure,  however, 
will  confirm  a  general  problem  with  the 
measurement  system.  If  this  occurs,  locate 
and  correct  the  source  of  the  problem  and 
repeat  the  test  for  all  compounds  of  interest 
beginning  with  Section  8.23. 

8.3  The  laboratory  must,  on  an  ongoing 
basis,  spike  at  least  10%  of  the  samples  from 
each  sample  site  being  monitored  to  assess 
accuracy.  For  laboratories  analyzing  one  to 
ten  samples  per  month,  at  least  one  spiked 
sample  per  month  is  required. 

8.3.1  The  concentration  of  the  spike  in  the 
sample  shouid  be  determined  as  follows: 

8.3.1. 1  If.  as  in  compliance  monitoring,  the 
concentration  of  a  specific  parameter  in  the 
sample  is  being  checked  against  a  regulatory, 
concentration  limit  the  spike  should  be  at 
that  limit  or  1  to  5  times  higher  than  the 
background  concentration  determined  in 
Section  8.3.2  whichever  concentration  would 
be  larger. 

8.3.1.2  If  the  concentration  of  a  specific 
parameter  in  the  sample  is  not  being  checked 
against  a  limit  specific  to  that  parameter,  the 
spike  should  be  at  20  pg/L  or  1  to  5  times 
higher  than  the  background  concentration 
determined  in  Section  8.3.2  whichever 
concentration  would  be  larger. 

8.3.2  Analyze  one  5-mL  sample  aliquot  to 
determine  the  background  concentration  (B) 
of  each  parameter.  If  necessary,  prepare  a 
new  QC  check  sample  concentrate  (Section 
8-Z.l)  appropriate  for  the  background 
concentrations  in  the  sample.  Spike  a  second 
5-mL  sample  aliquot  with  10  pL  of  the  QC 
check  sample  concentrate  and  analyze  it  to 
determine  the  concentration  after  spiking  (A) 
of  each  parameter.  Calculate  each  percent 
recovery  fP)  as  100(A-B)%/T,  where  T  is  the 
known  true  value  of  the  spike. 

8.3.3  Compare  the  percent  recovery  (P)  for 
each  parameter  with  the  corresponding  QC 
acceptance  enter:  found  in  Table  2  These 
acceptance  criteria  were  calculated  to 
include  an  allowance  for  error  in 


measurement  of  both  the  background  and 
spike  concentrations,  assuming  a  spike  to 
background  ratio  of  5:1.  This  error  will  be 
accounted  for  to  the  extent  that  the  analyst’s 
spike  to  background  ratio  approaches  5:1.’  If 
spiking  was  performed  at  a  concentration 
lower  than  20  ug/L.  the  analyst  must  use 
either  the  QC  acceptance  criteria  in  Table  2 
or  optional  QC  acceptance  criteria  calculated 
for  the  specific  spike  concentration.  To 
calculate  optional  acceptance  criteria  for  the 
recovery  of  a  parameter  (l)  Calculate 
accuracy  (X’)  using  the  equation  in  Table  3. 
substituting  the  spike  concentration  (T)  for  C. 
(2)  calculate  overall  precision  (S')  ustrg  the 
equation  in  Table  3.  substituting  X'  for  X:  |3) 
calculate  the  range  for  recovery  at  the  soike 
concentration  as  (100  X’/T)  —  244(100  S7 
T)%.’ 

8.3.4  If  any  individual  P  falls  outside  the 
designated  range  for  recovery,  that  parameter 
has  failed  the  acceptance  criteria.  A  check 
standard  containing  each  parameter  that 
failed  the  criteria  must  be  analyzed  as 
described  in  Section  8.4. 

8.4  If  any  parameter  fails  the  acceptance 
criteria  for  recovery  in  Section  8.3.  a  QC 
check  standard  containing  each  parameter 
that  failed  must  be  prepared  and  analyzed. 

Note:  The  frequency  for  the  required 
analysis  of  a  QC  check  standard  will  depend 
upon  the  number  of  parameters  being 
simultaneously  tested,  the  complexity  of  the 
sample  matrix,  and  the  performance  of  the 
laboratory. 

8.4.1  Prepare  the  QC  check  standard  by 
adding  10  nL  of  QC  check  sample  concentrate 
(Sections  8.2.1  or  8.3.2)  to  5  mL  of  reagent 
water.  The  QC  check  standard  needs  only  to 
contain  the  parameters  that  failed  criteria  in 
the  test  in  Section  8.3. 

8.4.2  Analyze  the  QC  check  standard  to 
determine  the  concentration  measured  (A)  of 
each  parameter.  Calculate  each  percent 
recovery  IP.)  as  100  (A/T)%.  where  T  is  the 
true  value  of  the  standard  concentration. 

8.4.3  Compare  the  percent  recovery  (P.) 
for  each  parameter  with  the  corresponding 
QC  acceptance  critei  a  found  in  Table  2 
Only  parameters  tha  failed  the  test  in 
Section  8.3  need  to  b 1  compared  with  these 
criteria,  if  the  recove.-y  of  any  such  parameter 
falls  outside  the  designated  range,  the 
laboratory  performance  for  that  parameter  is 
judged  to  be  out  of  control,  and  the  problem 
must  be  immediately  identified  and 
corrected.  The  analytical  result  for  that 
parameter  in  the  unspiked  sample  is  suspect 
and  may  not  be  reported  for  regulatory 
compliance  purposes. 

8.5  As  part  of  the  QC  program  for  the 
laboratory,  method  accuracy  for  wastewater 
samples  must  be  assessed  and  records  must 
be  maintained.  After  the  analysis  of  five 
spiked  wastewater  samples  as  in  Section  8.3. 
calculate  the  average  percent  recovery  (?) 
and  the  standard  deviation  of  the  percent 
recovery  ( »,).  Express  the  accuracy 
assessmert  as  a  percent  recovery  interval 
from  P-2.%  to  P+Zif  U  P-90%  and  s„  =  10%. 
for  examp, e,  the  accuracy  interval  is 
expressed  as  70-110%.  Update  the  accuracy 
assessment  for  each  parameter  on  a  regular 
basis  (e.g.  after  each  five  to  ten  new  accuracy 
measurements). 
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8.8  It  is  recommended  that  the  laboratory 
adopt  additional  quality  assurance  practices 
for  use  with  this  method.  The  specific 
practices  that  are  most  productive  depemd 
upon  the  needs  of  the  laboratory  and  thu 
nature  of  the  samples.  Field  duplicates  may 
be  analyzed  to  assess  the  precision  of  the 
environmental  measurements.  When  douibt 
exists  over  the  identification  of  a  peak  am  the 
chromatogram,  confirmatory  techniques  -such 
as  gas  chromatography  with  a  dissimilar 
coiumn.  specific  element  detector,  or  mams 
spectrometer  must  be  used.  Whenever 
possible,  the  laboratory  should  analyze 
standard  reference  matenals  and  partictmate 
tn  relevant  performance  evaluation  stuintes. 

8.7  The  analyst  should  monitor  bom  the 
performance  of  the  analytical  system  amc  the 
effectiveness  of  the  method  in  dealing  wilth 
each  sample  matrix  by  spiking  each  sarnmle. 
standard,  and  reagent  water  blank  with 
surrogate  compounds  (e.g.  a.  a,  a,- 
tnfluorotoluenej  recommended  to  enccmnnass 
the  range  of  the  temperature  program  uswd  in 
this  method.  From  stock  standard  soluixnns 
prepared  as  in  Section  6.6.  add  a  volume  to 
give  730  itg  of  each  surrogate  to  45  mi  oi 
reagent  water  contained  in  a  50-mL 
volumetric  flask,  mix  and  dilute  to  voiuime  for 
a  concentration  of  IS  mg/pL.  Add  10  pi  of 
this  surrogate  spiking  solution  directly  mio 
the  5-mL  syringe  with  every  sample  ana 
reference  standard  analyzed.  Prepare  a  Tresh 
surrogate  spiking  solution  on  a  weekly  tnasis. 
If  the  internal  standard  calibration  procmdure 
is  being  used,  the  surrogate  compounds  may 
be  added  directly  to  the  internal  standard 
spiking  solution  (Section  7.4.2). 

9  Sample  Collection.  Preservation,  ana 
Handling 

9.1  The  samples  must  be  -ced  or 
refrigerated  from  the  time  of  collection  umtil 
analysis.  If  the  sample  contains  free  or 
combined  chlorine,  add  sodium  thiosulfane 
preservative  (10  mg/40  mL  is  sufficient  rtor  up 
to  5  pp.n  Cli)  to  the  empty  sample  bottle  lust 
prior  to  shipping  to  the  sampling  site.  EP*A 
Method  330.4  or  330.3  may  be  used  for 
measurement  of  residual  chlonne.’Fiela  test 
kits  are  available  for  this  purpose. 

9.2  Collect  about  500  mL  of  sample  a.  a 
clean  container.  Adjust  the  pH  of  the  sannple 
to  about  2  by  adding  1  +  1  HC1  while  snrnng. 
Fill  the  sample  bottle  in  such  a  manner  mat 
no  air  bubbles  pass  through  the  sample  as  the 
bottle  is  being  filled.  Seal  the  bottle  so  mat 
no  air  bubbles  are  entrapped  in  it.  Mamnam 
the  hermetic  seal  on  the  sample  bottle  umtil 
time  of  analysis. 

9.3  All  samples  must  be  analyzed  wtzltin 
14  days  of  collection.1 

10.  Procedure 

10.1  Table  1  summarizes  the 

recc  untended  operating  conditions  for  me 
gas  chromatograph.  Included  in  this  tafcite  are 
estimated  retention  times  and  MDL  that  can 
be  achieved  under  these  conditions.  An 
example  of  the  separations  achieved  by 
Column  1  is  shown  in  Figure  6.  Other  pauuced 
columns,  chromatographic  conditions,  cr 
detectors  may  be  used  if  the  requirement!*  of 
Section  8.2  are  met. 

10.2  Calibrate  the  system  daily  as 
described  in  Section  7. 


10.3  Adjust  the  purge  gas  (nitrogen  or 
helium)  flow  rate  to  40  mb/ min.  Attach  the 
trap  inlet  to  the  purging  device,  and  set  the 
purge  and  trap  system  to  purge  (Figure  3). 
Open  the  syringe  valve  located  on  the 
purging  device  sample  introduction  needle. 

10.4  Allow  the  sample  to  come  to  ambient 
temperature  prior  to  introducing  it  to  the 
syringe.  Remove  the  plunger  from  a  5-mL 
syringe  and  attach  a  closed  syringe  valve. 
Open  the  sample  bottle  (or  standard)  and 
carefully  pour  the  sample  into  the  synnge 
barrel  to  just  short  of  overflowing.  Replace 
the  syringe  plunger  and  compress  the  sample. 
Open  the  syringe  valve  and  vent  any  residual 
air  while  adjusting  the  sample  volume  to  5.0 
mL.  Since  this  process  of  taking  an  aiiquol 
destroys  the  validity  of  the  sample  for  future 
analysis,  the  analyst  should  fill  a  second 
syringe  at  this  time  to  protect  against 
possible  loss  of  data.  Add  10.0  pL  of  the 
surrogate  spiking  solution  (Section  8.7)  and 
10.0  pL  of  the  internal  standard  spiking 
solution  (Section  7.4.2).  if  applicable,  through 
the  valve  bore,  then  close  the  valve. 

10.5  Attach  the  syringe-syringe  valve 
assembly  to  the  syringe  valve  on  the  purging 
device.  Open  the  synnge  valves  and  miect 
the  sample  into  the  purging  chamber 

10.6  Close  both  valves  and  purge  the 
sample  for  12.0^0.1  min  at  ambient 
temperature. 

10.7  After  the  12-mtn  purge  time, 
disconnect  the  purging  device  from  the  trap. 
Dry  the  trap  by  maintaining  a  flow  of  40  mL/ 
min  of  dry  purge  gaa  through  it  for  6  min 
(Figure  4).  If  the  purging  device  has  no 
provision  for  bypassing  the  purger  for  this 
step,  a  dry  purger  should  be  inserted  into  the 
device  to  minimize  moisture  in  the  gas. 

Attach  the  trap  to  the  chromatograph,  adjust 
(he  purge  and  trap  system  to  the  desorb  mode 
(Figure  5).  and  begin  tc  temperature  program 
the  gas  chromatograph.  Introduce  the  trapped 
materials  to  the  GC  column  by  rapidly 
heating  the  trap  to  180  *C  while  back/lushing 
the  trap  with  an  inert  gas  between  20  and  60 
mL/min  for  4  min.  If  rapid  heating  of  the  trap 
cannot  be  achieved,  the  GC  column  must  be 
used  as  a  secondary  trap  by  cooling  it  to  30 
'C  (subambient  temperature,  if  poor  peak 
geometry  and  random  retention  time 
problems  persist)  instead  of  the  initial 
program  temperature  of  50  'C. 

10.8  While  the  trap  is  being  desorbed  into 
the  gas  chromatograph  column,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  Wash  the  chamber  with 
two  5-mL  flushes  of  reagent  water. 

10.9  After  desorbing  the  sample  for  4  min. 
recondition  the  trap  by  returning  the  purge 
and  trap  system  to  the  purge  mode.  Wait  IS  s. 
then  close  the  syringe  valve  on  the  purging 
device  to  begin  gas  flow  through  the  trap.  The 
trap  temperature  should  be  maintained  at  180 
’C.  After  approximately  7  min,  turn  off  the 
trap  heater  and  open  the  syringe  valve  to 
stop  the  gas  flow  through  the  trap.  When  the 
trap  is  cool  the  next  sample  can  be  analyzed. 

10.10  Identify  the  parameters  in  the 
sample  by  comparing  the  retention  times  of 
the  peaks  in  the  samole  chromatogram  with 
those  of  the  peaks  in  standard 
chromatograms.  The  width  of  the  retention 
time  window  used  to  make  identifications 
should  be  based  upon  measurements  of 


actual  retention  lime  variations  of  standards 
over  the  course  of  a  day.  Three  times  the 
standard  deviation  of  a  retention  time  for  a 
compound  can  be  used  to  calculate  a 
suggested  window  size:  however,  the 
experience  of  the  analyst  should  weigh 
heavily  in  the  interpretation  of 
chromatograms. 

10.11  If  the  response  for  a  pe-.k  exceeds 
the  working  range  of  the  system,  prepare  a 
dilution  of  the  sample  with  reagent  water 
from  the  aliquot  in  the  second  synnge  and 
reanalyze. 

11.  Calculations 

11.1  Determine  the  concentration  of 
individual  compounds  in  the  sample. 

11.1.1  If  the  external  standard  calibration 
procedure  is  used,  calculate  the 
concentration  of  the  parameter  being 
measured  from  the  peak  respome  using  the 
calibration  curve  or  calibration  actor 
determined  in  Section  7.3.2. 

11.1.2  If  the  internal  standard  calibration 
procedure  is  used,  calculate  the 
concentration  in  the  sample  using  the 
response  factor  |RF)  determined  n  Section 

T  4.3  and  Equation  2. 

Equation  2. 


Concentration  (pg/L)  = 


I  A,)(C„) 
!  AJ(RF) 


where: 

A,  =  Response  for  the  parameter  to  be 
measured. 

A*  =  Response  for  the  internal  standard. 

C„  =  Concentration  of  the  internal 
standard. 

11.2  Report  results  in  ug/L  without 
correction  for  recovery  data.  AJ1  QC  data 
obtained  should  be  reported  with  the  sample 
results. 

12.  Method  Performance 

12.1  The  method  detection  limit  (MDL)  is 
defined  as  the  minimum  concentration  of  a 
substance  that  can  be  measured  and  reportea 
with  99%  confidence  that  the  value  is  above 
zero. 'The  MDL  concentrations  listed  in 
Table  1  were  obtained  using  reagent  water.’ 
Similar  results  were  achieved  using 
representative  wastewaters.  The  MDL 
actually  achieved  in  a  given  analysis  will 
vary  depending  on  instrument  sensitivity  and 
matrix  effects. 

12.2  This  method  has  been  demonstrated 
to  be  applicable  for  the  concentration  range 
from  the  MDL  to  1000  x  MDL’  Direct 
aqueous  injection  techniques  should  be  used 
to  measure  concentration  levels  above  1000  x 
MDL 

12.3  This  method  was  tested  by  20 
laboratories  using  reagent  water,  drinking 
water,  surface  water,  and  three  industrial 
wastewaters  spiked  al  six  concentrations 
over  the  range  7  ’  to  550  pg/L’Single 
operator  precision,  overall  precision,  and 
method  accuracy  were  found  to  be  directly 
related  to  the  concentration  of  the  parameter 
and  essentially  independent  of  the  sample 
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matrix.  Linear  equations  to  describe  these 
relationships  are  presented  in  Table  3. 
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Figure  1 .  Purging  device. 
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1.0  INTRODUCTION 


The  objective  of  a  standard  quality  assurance-quality  con¬ 
trol  plan  is  to  establish  and  delineate  the  minimum  amount 
of  effort  the  WESTON  analytical  laboratory  will  perform  on 
every  sample  submitted  for  analysis.  This  plan  is  designed 
to  meet  four  goals  for  the  data  from  environmental  analysis 
carried  out  by  a  WESTON  laboratory.  They  are: 

•  Define  WESTON  standard  of  quality. 

•  Provide  legally  defensible  analysis 

•  A  published  standard  for  comparison  of  price  and 
quality 

•  A  published  standard  for  the  purpose  of  building  or 
modifying  a  sampling  and  analytical  program  that 
addresses  the  requirements  of  the  project. 

If  project  requirements  necessitate  different  quality 
assurance  programs,  the  user  of  WESTON  analytical  laboratory 
services  is  responsible  for  defining  and  identifying  all 
deviations  from  the  standard  QA/QC  plan.  All  changes  must 
be  documented  in  writing  for  approval  by  the  manager  of  the 
WESTON  laboratory  involved. 
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2.0  SAMPLE  HANDLING  PROCEDURES 


In  order  to  meet  the  stated  goals  for  the  standard  QA/QC 
plan  the  client  and  the  analytical  laboratory  must  under¬ 
stand  and  follow  the  rules  for  handling  the  samples  within 
the  laboratory.  These  rules  treat  the  sample  collector  as 
an  integral  part  of  the  laboratory  team  in  achieving  the  cor¬ 
rect  analyses  for  the  sample.  Sampling  handling  procedures 
include: 

•  Analysis  Plan 

•  Bottle  Preparation 

•  Sample  Preservatives 

•  Chain  of  Custody  Documentation 

•  Sample' Management  System 

•  Sample  Storage 

•  Analysis  Scheduling 

•  Sample  Retention  and  Disposal 

2.1  Analysis  Plan 

The  analysis  plan  is  a  written  document  that  consists  of  the 
following  information: 

•  Name  of  the  client 

•  Project  Director  and  Project  Manager 

•  Pertinent  organization  information  (i.e.,  work  order 
numbers,  name  of  client). 

•  List  of  parameters  to  be  analyzed 

•  Number  of  samples  listed  by  parameter  and  matrix 

•  Price 

•  Projected  date  and  time  of  sample  arrival  at  the 
laboratory 

•  List  of  all  exceptions  to  the*  Standard  Analytical 
Plan  and  the  Standard  QA/QC  Plan 

•  List  all  the  extra  considerations  not  included  in 
the  Standard  QA/QC  Plan  (i.e.,  field  blanks,  USATHAMA 
QA/QC,  specific  data  reporting  requirements). 

The  analysis  plan  must  be  a  written  document.  It  must  be 
submitted  to  the  analytical  laboratory  to  be  approved  by  the 
manager  before  the  samples  are  collected.  All  deviations  to 
the  analysis  plan  must  be  documented  in  writing  by  either 
the  client  or  the  laboratory.  This  document  must  be  approv- 


* 

The  Standard  Analytical  Plan  consists  of  the  specific 
methodology  used  by  the  analytical  laboratory  for  a  given  pa¬ 
rameter  and  matrix.  This  document  includes  a  brief  descrip¬ 
tion  of  the  method,  an  estimated  detection  limit,  and  a 
source  reference  for  the  method. 
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ed  by  the  laboratory  and  project  manager  within  the  holding 
time  of  the  parameter  of  concern  or  48  hours,  which  ever  is 
less.  No  analysis  will  be  performed  in  a  WESTON  analytical 
laboratory  without  the  proper  and  complete  analysis  plan  on 
f  ile . 

2.2  Bottle  Preparation 

Sample  bottles  will  be  prepared  by  the  analytical  laboratory 
and  made  available  to  the  sampling  team  on  the  required  date 
in  the  analysis  plan.  The  bottles  will  be  prepared  accord¬ 
ing  to  WESTON  Standard  Operating  Procedures.  If  samples  are 
submitted  to  the  laboratory  in. bottles  or  containers  prepar¬ 
ed  by  others  ■,  this  deviation  must  be  specified  in  the  analy¬ 
sis  plan  along  with  the  sample  bottle  preparation  protocols 
employed  and  the  person/company  responsible  for  preparing 
the  bottles. 

2.3  Sample  Preservatives 

All  sample  bottles  prepared  by  the  analytical  laboratory 
will  contain  the  preservati ve( s )  shown  the  WESTON  Analysis 
Plan.  The  amount  of  the  preservative  placed  in  the  sample 
bottle  for  aqueous  samples  will  be  adequate  and  proper  for 
water  samples.  To  ensure  that  a  sample  is  properly  preserv¬ 
ed  after  collection  (especially  where  preservation  requires 
pH  adjustment),  field  personnel  are  urged  to  check  the  pH  of 
the  sample  after  preservation.  These  data  should  be  record¬ 
ed  in  field  notebooks. 

All  samples  submitted  will  be  checked  to  insure  the  proper 
preservative  and  preservation  procedures  were  used  for  the 
sample.  This  includes  the  following  checks  where  appropri¬ 
ate: 


I  Normal 

•  P«  0 

•  Temperature  of  4  C 

II  Special  at  Discretion  of  Lab 

•  Color 

•  Observation  of  sample  for  particulates  or  air  bubbles 
(VOA). 

•  Anion  spot  test  for  S0“*  and  Cl"  (TOC) 

All  observations  will  be  recorded  by  laboratory  personnel 
and  no  sample  will  be  analyzed  unless; 

•  it  is  properly  preserved 

•  the* client  has  authorized  the  sample  analysis  by  a 
written  amendment  to  the  analysis  plan  or  WESTON  Stan¬ 
dard  QA/QC  plan  as  prescribed  in  Section  2.1 
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2.4  Chain  of  Custody  Documentation 

All  samples  must  arrive  at  the  laboratory  with  a  chain  of 
custody  document.  A  copy  of  the  chain  of  custody  document 
is  contained  in  the  "Tracking  System".  The  laboratory  will 
provide  EPA-approved  sample  bottle  labels,  chain  of  custody 
forms,  and  shipping  containers  upon  request.  The  chain  of 
custody  document  must  be  initiated  at  the  time  the  sample 
bottles  are  prepared.  If  the  sample  bottles  are  not  prepar¬ 
ed  by  the  analytical  laboratory  then  the  client  assumes  re¬ 
sponsibility  for  proper  bottle  selection  and  preparation . 
The  ,  chain  of  custody  document  submitted  in  this  case  should 
include  the  bottle  preparation  and  sample  preservation  infor¬ 
mation. 

When  samples  are  delivered  to  the  laboratory,  the  informa¬ 
tion  on  the  chain  of  custody  document  must  be  complete  in 
lull.  The  samples  will  be  inventoried  against  the  chain  of 
custody  form,  and  custody  transfer  acknowledged  by  signa¬ 
ture,  date  and  time  of  receipt.  A  copy  of  the  signed  form 
will  be  given  to  the  personnel  who  delivered  the  samples. 

For  samples  which  are  delivered  without  applicable  or  with 
incomplete*  chain  of  custody  documentation,  the  sample  custo¬ 
dian  will  initiate  a  chain  of  custody  or  note  acknowledges 
receipt  of  the  samples  and  initiates  laboratory  custody. 

FOR  SAMPLES  WHICH  ARE  RECEIVED  WITHOUT  PROPER  CHAIN  OF  CUS¬ 
TODY,  OR  DEFICIENT  CHAIN  OF  CUSTODY,  THE  LEGAL  TRACEABILITY 
OF  SAMPLES  BEGINS  WITH  RECEIPT  AT  THE  LABORATORY  BUT  DOES 
NOT  EXTEND  TO  THE  POINT  OF  SAMPLE  COLLECTION. 

2.5  Sample  Management  System 

Upon  arrival  at  the  laboratory,  the  sample  will  be  either 
logged-in  immediately  or  stored  at  4°C  until  log-in  proce¬ 
dures  can  be  initiated.  The  log-in  process  for  any  given 
shipment  of  samples  must  be  completed  vrithin  24  hours  of  sam¬ 
ple  arrival  at  the  laboratory  as  noted  on  the  chain  of  custo¬ 
dy  document.  The  log  in  data  will  be  available  to  the  sub¬ 
mitter  (Project  Manager)  within  48  hours  after  arrival  of 
the  samples  at  the  laboratory  to  verify  completeness  of  the 
sample  submittal.  Deviations  from  the  analysis  plan  must  be 
noted  and  resolved  by  both  parties  at  this  time. 

The  sample  management  system  will  be  used  for  the  following 
laboratory  functions: 

•  Scheduling 

•  Sample  Disposal 

•  Invoicing  (See  Pricing  Schedule  for  the  appropriate 
analytical  laboratory) 

•  Data  Management 

•  Deliverable  Preparation 
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It  is  imperative  that  the  field  documentation  provided  by 
field  personnel  and  the  sample  log-in  procedure  in  the  ana¬ 
lytical  laboratory  be  complete  and  accurate.  Resolution  of 
deviations  from  the  analysis  plan  must  be  accomplished  with¬ 
in  the  holding  time  of  the  parameter  of  concern  or  48  hours. 
Resolution  of  these  items  must  be  accomplished  by  telephone, 
followed  by  written  documentation  in  order  to  complete  the 
analysis  within  the  required  holding  time.  The  holding 
times  are  summarized  in  the  Analysis  Plan. 

Each  sample  container  is  assigned  a  sequential  WESTON  sample 
number.  This  unique  WESTON  number  will  identify  the  sample 
(and  any  extracts  derived  from  the  ^sample )  in  the  labora¬ 
tory's  internal  chain  of  custody  until  proper  disposal  of 
samples  or  extracts.  All  references  to  a  sample  in  any  com¬ 
munications  should  include  this  sample  number  as  well  as  the 
site  identification  number  (code). 

For  additional  information  see  WESTON's  Analytical  Labora¬ 
tory's  Sample  Tracking  Document. 

This  program  provides  "cradle  to  grave"  chain  of  custody  doc¬ 
umentation  . 

2.6  Sample  Storage 

All  samples  will  be  stored  in  a  locked  refrigerator  at  4°+ 
1°C.  Temperature  of  storage  refrigerators  are  monitored 
daily  by  laboratory  personnel.  They  will  be  removed  from 
storage  by  a  limited  number  of  authorized  WESTON  personnel 
for  either  analysis,  long  term  retention  or  disposal.  All 
sample  movement  will  be  documented  using  the  laboratory 


* 

WESTON's  chain  of  custody  program  includes  the  follow¬ 
ing  : 


•  Sample  bottle  preparation 

•  Sample  preservatives 

•  EPA-approved  sample  bottle  labels  and  chain  of  custo¬ 
dy  documents 

•  Secured  shipping  containers 

•  Laboratory  access  limited  to  authorized  personnel 

•  Locked  refrigerated  storage 

•  Internal  laboratory  chain  of  custody  documentation 
for  all  analytical  operation,  including  sample  dispo¬ 
sal  . 

•  All  chain  of  custody  documentation  includes  the  loca¬ 
tion,  persons  involved,  date,  time  and  reason  for  sam¬ 
ple  dislocation. 

•  Signing  and  dating  of  all  laboratory  documentation 
pertaining  to  sample  receipt,  preparation  and  analy¬ 
sis  . 
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chain  of  custody  documentation.  Sample  extracts 
samples  will  receive  the  same  consideration, 
working  hours,  no  sample  will  -remain  unattended 
ing  placed  in  a  secure  area. 


or  digested 
During  non- 
without  be- 


2.7  Sample  Retention  and  Disposal 


All  samples  will  be  retained  in  the  refrigerator  for  30  cal¬ 
endar  days  after  the  date  on  the  invoice  accompanying  the 
final  analytical  results.  Unless  there  is  a  written  re¬ 
quest  for  sample  retention  in  the  analysis  plan  or  a  written 
amendment  to  the  analysis  plan,  then  all  -samples  will  re¬ 
ceive  proper  disposal,  on  the  31st  calendar  day  after  the  in¬ 
voice  date.  (See  -Price  List  for  retention  and  disposal 
costs  ) . 
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3.0  STANDARD  OPERATING  PROCEDURES 
.3.1  Analytical  Methods 

All  of  the  analytical  laboratory's  methods  are  listed  in  the 
Standard  Analysis  Plan.  Since  the  choice  of  method  depends 
on  the  parameter,  the  matrix,  possible  interferences,  cost, 
and  detection  limit  desired,  the  Standard  Analysis  Plan  de¬ 
notes  the  method  that  will  be  used  by  the  analytical  labora¬ 
tory  unless  the  analysis  plan  specifically  states  that  an¬ 
other  method  must  be  used.  A  rationale  should  accompany 

this  choice  of  method  in  the  analysis  plan. 

3. 2  Documentation  of  the  Analytical  Procedure 

All  data  and  observations  will  be  recorded  into  a  bound 
laboratory  notebook.  The  entries  will  include: 

•  Analyst 

•  Date,  Starting  and  Completion  times 

•  Calibration  Data 

•  Results  of  analysis  of  laboratory  quality  control 

samples 

•  Order  of  Analysis 

•  Example  calculations 

•  Method  reference 

•  Instrument  identification 

•  Location  of  raw  and  final  data 

All  deviation  from  the  method  and  pertinent  observations 
will  be  recorded  in  the  laboratory  notebook  and  noted  in  the 
data  summary  report.  Also,  all  "out  of  control"  situations 

observed  by  the  quality  control  program  must  be  documented 
in  the  notebook.  This  includes  all  corrective  actions  taken 
by  the  analyst,  supervisor,  and/or  the  laboratory  QA/QC  co¬ 
ordinator  in  response  to  the  "out  of  Control"  situation. 


1 


3 

J 
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4.0  ANALYTICAL  LABORATORY  QUALITY  CONTROL 


1.1  Analytical  Method  Calibration 

4.1.1  Initial  Calibration 

For  all  parameters  utilizing  a  calibration  curve  for 
quantification,  the  analytical  laboratory  will  measure 
the  response  to  a  reagent  blank  and  at  least  five  (5) 
different  concentrations  of  th§  analyte.  A  modification 
of  the  method  of  Hubaux  and  Vos  will  be  used  to  deter¬ 
mine  the  following: 

•  The  acceptable  linear  concentration  range 
for  quantitation  (the  correlation  coeffi¬ 
cient  (R)  must  be  >  0.996). 

•  The  instrumental  detection  limit. 

At  least  three  (3)  calibration  concentrations  must  be  in 
the  range  of  responses  that  is  above  the  calculated  de¬ 
tection  limit  and  used  for  calculating  the  acceptable 
linear  concentration  range.  No  response  can  be  report¬ 
ed  for  a  sample  if  the  response  is: 

•  greater  than  the  response  of  the  most  con¬ 
centrated  calibration  standard  used  in  cal¬ 
culating  the  acceptable  linear  concentra¬ 
tion  range. 

•  less  than  the  response  of  the  calculated 
detection  limit. 

•  less  than  the  response  of  the  lowest  con¬ 
centration  calibration  standard  if  the  re¬ 
sponse  of  the  calculated  detection  limit 
is  less  than  the  response  of  the  lowest 
calibration  standard  used. 

4.1.2  Shift  Calibration 

Since  the  objective  of  the  QC  program  is  to  verify  that 
analytical  accuracy  and  precision  are  in  control  for  a 
given  method  -  instrument  -  parameter,  the  initial  in¬ 
strument  calibration  must  be  verified  periodically. 
This  requires  the  analysis  of  at  least  one  calibration 
standard  within  the  range  of  initial  calibration.  The 


* 
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ongoing  calibration  data  will  be  checked  to  verify  that 
it  is  within  10%  of  the  initial  calibration.  A  mini¬ 
mum  of  one  shift  calibration  every  8-12  hours  if  the  in¬ 
strumental  systems  is  automated  for  continuous  opera¬ 
tion  . 

4.1.3  Re-calibration 

Recalibration  is  required  after: 

•  Instrument  repair  and/or  mainten¬ 
ance  . 

•  -  A  shift  calibration  does  not  meet 

previous  calibration  criteria. 

•  Any  "out  of  control”  situation  as 
defined  in  Section  4.6. 

4.2  Lot  Size 

The  quality  control  samples  are  assigned  to  each  lot  of 
analytical  samples.  The  size  of  a  lot  can  be  dictated 
by  the  number  of  samples  that  can  be  completed  in  a 
shift  by  an  analyst.  Therefore,  the  size  of  a  lot  can 
vary,  but,  the  variance  should  not  be  more  than  20%. 

4.3  Quality  Control  Samples 

Every  lot,  regardless  of  size,  will  have  the  following 
quality  control  samples  included. 

•  Blanks 

•  Calibration  Standards 

•  Duplicate  (Split  Sample) 

•  Spike  (Standard  Matrix  spike) 

Note:  That  if  a  lot  contains  20  samples,  at 
least  one  of  the  samples  will  be  analyzed 
in  duplicate.  If  a  client  submits  less 
than  20  samples  for  analysis  and  desires 
one  of  those  samples  be  analzyed  in  dupli¬ 
cate,  the  laboratory  must  be  notified  pri¬ 
or  to  sample  receipt. 

4.3.1  Quality  Control  Blanks 

4. 3. 1.1  Reagent  Blank 

The  reagent  blank  is  an  integral  part  of  the 
calibration  procedure.  It  consists  of  the 
solvent  or  matrix  used  for  the  calibration 
standards  without  the  presence  of  the  ana¬ 
lyte  being  measured. 


The  analytical  laboratory  will  use  solvents 
and  reagents  of  the  highest  purity  available 
to  minimize  laboratory  contamination.  Also, 
the  water  quality  of  the  deionized  -  carbon 
treated  "pure"  water  system  will  be  monitor¬ 
ed  monthly. 

4. 3.1. 2  Method  Blank 

The  method  blank  is  a  matrix  as  similar  to 
that  of  the  analytical  sample  as  possible 
without  the  presence  .  of  the  analyte.  The 
method  blank  is  prepared  and  analyzed  with 
the  samples  and  is  used  to  monitor  labora¬ 
tory  contamination. 

4.3.2  Analytical  Reference  Standards 

Calibration  and  spiking  standards  will  be  traceable 
standard  materials  supplied  by  or  traceable  where 
possible  to  a  federal  government  agency  such  as 
EPA,  NBS ,  or  USATHAMA.  Where  this  is  not  possible, 
analytical  standards  of  highest  available  purity 
will  be  purchased  from  available  commercial  sup¬ 
pliers  . 


4. 3. 2.1  Calibration  Check  Standard 

When  the  analyses  a  lot  of  analytical  sam¬ 
ples  along  with  the  required  QC  samples  are 
complete,  a  check  calibration  standard  will 
be  analyzed.  A  check  calibration  standard 
is  one  of  the  calibration  standard  solutions 
used  to  develop  the  analytical  calibration. 
This  calibration  standard  must  be  in  the  ac¬ 
ceptable  linear  concentration  range  of  the 
calibration  curve.  Acceptability  of  the  re¬ 
sponse  to  calibration  check  standard  is  de¬ 
termined  by  the  QC  chart  as  discussed  in  sec¬ 
tions  4.4  and  4.6. 

4.3.3  Standard  Matrix  Spike  Sample 

In  each  analytical  sample  lot  one  sample  will  be  a 
standard  matrix  spike  consisting  of  a  matrix  as  sim¬ 
ilar  as  possible  to  the  matrix  of  the  analytical 
samples  in  the  lot.  The  analyst  will  spike  one  of 
these  with  a  known  amount  of  the  analyte  with  the 
acceptable  calibration  concentration  range.  The 
standard  matrix  spike  sample  is  carried  through  the 
method  as  an  analytical  sample.  In  most  cases  la¬ 
boratory  reagent  water  water  and/or  a  "clean”  soil 
will  be  used  for  the  matrix.  The  results  of  this 
spike  sample  will  be  used  to  monitor  analytical  ac¬ 
curacy. 


4.3.4  Quality  Control  Sample  Summary 

Assuming  that  the  analytical  lot  size  for  a  param¬ 
eter  is  twenty  (20),  the  analyst  would  follow  the 
hypothetical  analysis  order  shown  in  Table  1. 

4.4  Quality  Control  Charts 

Three  QC  charts  will  be  constructed  for  each  analytical 
method  (instrument  -  parameter)  excluding  the  analyst. 
The  analyst  will  have  his  or  her  own  code  on  the  QC 
chart.  The  QC  charts  are: 

•  ' An  accuracy"QC  chart  based  on  the  %  recovery 

of  the  standard  matrix  spike  sample. 

•  A  precision  QC  chart  based  on  the  relative 
mean  difference  between  the  results  obtained 
from  the  analysis  of  duplicate  sample  ali¬ 
quots  . 

•  A  precision  QC  chart  based  on  the  reproduc- 
tability  of  the  initial  and  shift  calibration 
slope. 

•  A  Quality  Control  chart  for  monitoring  ongoing 
calibration . 

The  details  of  the  QC  chart  construction  with  examples 
are  contained  in  the  WESTON  Analytical  Laboratory  Qual¬ 
ity  Assurance  -  Quality  Control  Manual. 

4.5  Quality  Control  for  Reporting  Results 
4.5.1  Detection  Limit 

There  are  three  detection  limits  derived  from  the 
method  and  the  analytical  experiment. 

•  Estimated  detection  limit. 

•  Detection  limit  calculated  from  the  calibra¬ 
tion  data. 

•  The  lowest  concentration  of  the  analyte  in  any 
calibration  standards. 

None  of  the  above  detection,  limits  applies  to  a 
real  environmental  matrix  for  the  analyte  of  con¬ 
cern.  In  most  cases  the  actual  detection  limit 
will  be  equal  to  or  greater  than  the  instrumental 
detection  limit  which  is  reported.  Upon  request, 
the  actual  detection  limit  for  a  given  matrix  can 
be  experimentally  determined  or  estimated. 


Table  1 


Hypothetical  Order,  of  Analysis  for  a  Lot 
Size  of  20  Analytical  Samples 


Run  # 


Description 


Comments 


1  Reagent  Blank 

2  Standard  #1 

3  ‘  Standard  #2 

4  Standard  #3 

5-11  Analytical  Samples  #1-7 

12  Duplicate  of  Analytical  Sample  #5 

13-16  Analytical  Samples  #8-11 

17  Standard  Matrix  Spike 

18-24  Analytical  Samples  #12-18 

25  Method  Blank 

26-27  Analtyical  Samples  #19-20 

28  Calibration  Check  Sample 


Shift  Calibration 
Shift  Calibration 
Shift  Calibration 
Shift  Calibration 

QC  Sample 

QC  Sample 

QC  Sample 

QC  Sample 


M 0S  *  (  3 ) 

A  new  lot  can  be  analysed  without  a  shift  calibration  if  there 
are  no  "out  of  control"  situations  and  the  analyst  remains  the 
same.  (i.e.  return  to  run  #5  and  continue  through  run  #28) 

^  Four  (4)  QC  samples  are  required  per  lot  of  20.  This  is  16  2/3% 
of  the  runs. 
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The  analytical  laboratory  will  report  experimental¬ 
ly  observed  detection  limit  from  the  calibration 
data.  The  latter  concentration  will  be  the  higher 
concentration  value  of  either  the  value  obtained 
from  the  calibration  for  regression  analysis  or  the 
lowest  concentration  calibration  standard  run. 

4.5.2  Significant  Figures 

The  general  rule  for  the  application  of  significant 
figures  to-  analytical  .  environmental  data  is  shown 
in  Table  2. 

4.5.3  Units 

A  few  environment  analytical  parameters  have  their 
own  respective  units  such  as  pH,  specific  conductiv¬ 
ity  and  turbidity.  Most  concentrations  will  be  re¬ 
ported  in  one  of  two  units.  Concentrations  for 
liquid  samples  will  be  reported  in  micrograms  per 
liter  (ug/L  or  ppb).  Concentrations  for  solid  sam¬ 
ples  will  be  reported  as  micrograms  per  kilogram 
(ug/Kg/ppg)  dry  weight.  Any  deviation  from  this  re¬ 
porting  format  will  appear  in  a  footnote  form. 

4.5.4  Analytical  Modifications 

All  changes  and  rationale  for  the  changes  from  the 
published  WESTON  Standard  Analysis  Plan,  WESTON 
Standard  QA/QC  Plan  and  the  project's  analysis  plan 
will  be  placed  into  a  cover  letter/report  to  the 
client  accompanying  the  final  results  and  invoice. 

4.5.5  Final  Data  Review 

All  analytical  laboratory  results  will  be  reviewed 
by  the  laboratory  technical  managers  for  the  fcllow- 


ing 

items : 

• 

Completeness 

• 

Reasonableness 

• 

Conformance  with  the  WESTON  Standard 

Analyti- 

cal  Plan,  WESTON  Standard  QA/QC  Plan  and  the 
project's  analysis  plan. 

• 

Data  above  a  regulatory  limit,  where 
ate . 

appropri- 

• 

Approval  of  the  data  by  appropriate 
Manager . 

Section 
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Table  2 


Relationship  of  the  Experimentally  Found  Detection  Limit,  Analyte  Concen¬ 
tration  and  Significant "Figures  in  the  Final  Result 

#  of  Significant 

Detection  Limit  Concentration  Range  _ Figures 

1  1-10  .1 
1  10  -  1000  2 
1  *  ’  1000  '  3 


Example:  Detection  Limit  of  100  ug/Kg 

Concentration  Found 

Concentration  Reported 

84.3  ug/Kg 

ND 

436.2  ug/Kg 

400.  ug/Kg 

2178.6  ug/Kg 

2200.  ug/Kg 

654266.5  ug/Kg 

654000.  ug/Kg 
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4.5.6  Deliverables 

The  client  will  receive  the  following  when  the  anal¬ 
yses  have  been  completed  by  the  laboratory. 

•  Analytical  Data  including  instrumental  detec¬ 
tion  limits . 

•  Assurance  that  the  WESTON  Standard  Analytical 
Plan,  WESTON  Standard  QA/QC  Plan  and  the  pro¬ 
ject's  analysis  plan  were  followed. 

•  .Assurance  that  all  quality  control  samples 

were  in  control. 

•  A  cover  letter . 

•  Invoice 

The  client  will  not  receive  the  following  unless 
specifically  requested  in  writing  (preferably  in 
the  analysis  plan): 

•  Raw  data 

•  QC  sample  results  (except  for  surrogate  recov¬ 
eries  for  GC/MS  analyses.) 

•  Pertinent  QC  charts 

•  EPA,  USATHAMA  or  other  specialized  data  re¬ 
ports  . 

4.5.7  Data  Archiving 

The  analytical  laboratory  will  maintain  on  file, 
all  the  raw  data,  laboratory  notebooks,  and  other 
documentation  pertinent  to  the  work  on  a  given  pro¬ 
ject.  This  file  will  be  maintained  in  locked  stor¬ 
age  for  five  (5)  years  from  the  date  of  the  invoice 
unless  a  written  request  is  submitted  for  changes 
the  retention  time. 

Data  Retrieval  from  archives  will  be  handled  in  a 
similar  fashion  to  a  request  for  analysis;  specifi¬ 
cally  a  written  request,  chain  of  custody,  quota¬ 
tion,  three  week  turn-around  time,  etc. 

4.6  Out  of  Control  Situations 

An  "out  of  control"  situation  occurs  when  there  are 
experimental  data  for  laboratory  quality  control 
samples  which  suggest  that  an  analytical  result  may 
be  of  questionable  or  unknown  validity.  It  is  the 
duty  of  the  analyst  to  identify  the  "out  of  '..on- 
trol"  situation  and  notify  the  supervisor.  The 
supervisor  will  then  recommend  the  appropriate  cor¬ 
rective  action.  (e.g.  reanalysis,  recalibration, 
etc.).  The  out  of  control  situation  and  corrective 
action  will  be  documented.  The  analysis  of  QC  sam- 


pies  monitors  precision ,' accuracy  and  laboratory  contami¬ 
nation  for  a  particular  analysis.  The  criteria  for  iden¬ 
tifying  out  of  control  situations  for  laboratory  QC  sam¬ 
ples  are  discussed  below: 

4.6.1  Blanks 

Any  reagent  or  method  blank  which  contains  any  ana¬ 
lyte  greater  than  five  (5)  times  the  published  de¬ 
tection  limit  for  the  method  -  instrument  -  para¬ 
meter  .analytical  system  is  "out  of  control".  Cor¬ 
rective  action  is  required. 

4.6.2  Duplicate  Samples  and  Fortified  Reagent 
Blanks  (Standard  Matrix  Spike) 

Any  result  from  a  split  sample  or  a  fortified  rea¬ 
gent  blank  that  fulfills  the  following  criteria  for 
"out  of  control"  on  the  respective  QC  chart  (See 
the  QA  Manual)  method/parameter  requires  corrective 
action  and/or  written  explanation  for  the  accep¬ 
tance  of  the  data  without  any  corrective  action. 

•  Any  result  that  exceeds  +-  3  standard  devia¬ 

tion  of  the  control  value. 

•  The  5th  consecutive  value  that  has  shown  an  in¬ 
creasing  or  decreasing  trend. 

•  The  7th  consecutive  value  on  the  same  side  of 
the  central  line  (mean). 

The  results  from  analysis  of  duplicate  samples  can 
be  misleading  where  matrix  homogenity  is  a  problem 
(e.g.  soil,  sluiges ,  sediments,  multiphase  liquid 
samples)  because  of  the  difficulty  in  obtaining  rep¬ 
licate  representative  aliquots  for  analysis. 

In  these  cases  a  written  explanation  (cover  letter) 
will  be  provided  for  data  interpretation. 

4.6.3  Calibration  Check  Standard 

Any  calibration  check  standard  that  fulfills  the 
criteria  for  "out  of  control"  on  the  QC  chart  as  de¬ 
lineated  in  section  4.6.2  requires  corrective  ac¬ 
tion. 

4.6.4  S?unple  Cross  Contamination  or  Interference 

Any  sample  where  there  is  any  suspected  cross  con¬ 
tamination  from  the  previously  analyzed  sample  must 
be  regarded  as  "out  of  control".  Cross  contamina- 


tion  usually  occurs  after  analysis  of  sample  with 
relatively  high  concentrations  of  analytes  or  inter¬ 
fering  compounds.  Therefore,  the  analyst  must  be 
aware  of  such  occurences.  To  verify  the  result, 
the  sample  must  be  reanalyzed  immediately  after  an 
acceptable  blank  run  and  the  data  for  the  reanaly¬ 
sis  compared  with  the  original.  Data  will  be  care¬ 
fully  reviewed  (e.g.  order  of  analysis,  historical 
data)  by  analysts  and  supervisors  to  ensure  that 
the  data  accurately  represents  the  sample.  (see 
section  4.5.5)  _ 

4.6.5  Instrument  Malfunction 

Any  instrument  malfunction  is  considered  as  a  situa¬ 
tion  that  necessitates  corrective  action  (see  sec¬ 
tion  4.7).  Written  documentation  of  the  malfunc¬ 
tion  and  corrective  action  is  mandatory  (see  sec¬ 
tion  4.8). 

4.7  Corrective  Action 

All  "out  of  control"  situations  require  immediate  atten¬ 
tion  and  corrective  action.  This  corrective  action  will 
be  as  follows: 

•  The  analyst  will  immediately  notify  the  appropriate 
supervisor  and  document  the  out  of  control  situa¬ 
tion  in  the  laboratory  notebook. 

•  The  supervisor  will  notify,  in  writing,  the  labora¬ 
tory  manager  within  24  hours  of  the  "out  of  con¬ 
trol"  situation,  corrective  action  taken  and  re¬ 
sult  of  corrective  action.  A  copy  will  be  provided 
to  the  laboratory  QA  coordinator. 

•  The  laboratory  manager  will  notify  the  WESTON  Ana¬ 
lytics  office  of  any  "out  of  control"  situations 
that  have  not  been  corrected  with  48  hours  of  their 
occurence.  A  copy  will  be  sent  to  the  Vice  Presi¬ 
dent  of  Quality  Assurance  and  Finance  and  the  Vice 
President  of  EEOD.  A  written  report  on  the  correc¬ 
tive  is  required  when  the  analyses  are  in  control. 

Corrective  action  requires  the  following  steps: 

•  Analyses  to  be  stopped  immediately  for  the  analyte 
which  is  determined  "out  of  control".  No  further 
analyses  for  that  analyte  can  be  performed  until 
the  "out  of  control"  situation  is  corrected. 

•  Notification  as  shown  above. 


•  Complete  documentation  in  laboratory  notebooks  of 
circumstances  pertaining  to  the  "out  of  control" 
situation  and  corrective  action(s)  taken. 

The  laboratory  manager  must  initial  the  documentation  of 
the  successful  corrective  action  after  its  completion 
and  must  approve  resumption  of  analysis.  All  of  the  sam¬ 
ples  affected  by  the  "out  of  control"  situation  must  be 
reanalyzed.  Data  for  any  samples  of  an  affected  lot 
which  are  not  reanalyzed  must  be  accompanied  by  clarifi¬ 
cation  for  this  decision. 

4.8  Instrument  Maintenance  and  Calibration 

Each  instrument  in  the  analytical  laboratory  will  have  a 
bound  maintenance  log  for  documenting  instrument  mainten¬ 
ance.  This  maintenance  log  will  be  available  near  the  in¬ 
strument  at  all  times  and  will  be  kept  current. 

4.8.1  Maintenance  Information 

The  following  maintenance  information  is  required  to  be 
recorded  in  the  maintenance  log. 

•  Detailed  statement  of  maintenance  activities  includ¬ 
ing  time  and  date  of  maintenance  and  name  of  person 
performing  maintenance. 

•  Any  telephone  call  regarding  service/maintenance 
(phone  records)  and  service  reports  will  maintained 
in  the  maintenance  log. 

•  Routine  maintenance  schedule  should  appear  with  a 
check  list  in  the  front  of  the  maintenance  log. 

Instrument  Manuals  should  be  maintained  in  a  central 
file  and  should  be  available  as  necessary. 

4.8.2  Calibration  Information* 

The  following  instrument  calibration  information  should 
be  recorded  in  the  laboratory  notebook  (see  Sec.  4.1). 


* 

Calibration  of  some  laboratory  instruments  such  as  a 
pH  meter,  is  inconsistent  with  calibration  criteria  des¬ 
cribed  in  Section  4.1.  These  instruments  will  have  spe¬ 
cific  SOPs  written  for  calibration.  The  instruments 
which  are  included  in  this  category  are  so  noted  in  the 
WESTON  Analytical  Laboratory  QA/QC  Manual. 


•  Instrumental  conditions  which  are  used. 

•  Time  and  date. 

•  Lotts)  to  be  analyzed 

•  Calibration  data  including  slope  of  calibration 
line  and;  correlation  coefficient  of  calibration 
data  (response  vs  concentration). 

•  The  detection  limit-  ( calculated  from  the  calibra¬ 
tion  data  or  the  lowest  concentration  calibration 
standard ) . 

•  The  acceptable  linear  concentration  range  of  cali¬ 
bration. 
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5.0  QUALITY  ASSURANCE 

5.1  Organization 

The  corporate  quality  assurance  function  is  defined  in  the 
Corporate  OP-03-07.  The  analytical  laboratory  portion  of 
the  QA  organization  is  shown  in  Figure  1.  This  organization 
is  specifically  designed  to  allow  independent  audit  of  the 
laboratory  analytical  operations.  There  are  no  administra¬ 
tive  supervisory  relationships  between  the  laboratory  manage¬ 
ment  and  WESTON  Analytics,  including  the  laboratory  QA  co¬ 
ordinator. 

5.2  Responsibilities  qf_the  QA  Organization 

5.2.1  Internal  Audits 

Continuous  audit  of  the  analytical  laboratory  will  be  per¬ 
formed  in  order  to  ascertain  and  ensure  compliance  with  the 
WESTON  Standard  QA/QC  Plan,  WESTON  Standard  Analytical  Plan, 
the  WESTON  analytical  laboratory  QA/QC  Manual  and  project 
analysis  plans. 

5.2.2  Third  Party  Audits 

Arranging  for  and  scheduling  third  party  audits  will  be  the 
responsibility  of  the  QA  coordinator  and  laboratory  manager. 
This  will  include: 


• 

Preparation  of  the  analysis 
performance  samples. 

plan  for  all 

third 

party 

• 

Review  all  the  results  and 
party  performance  samples. 

documentation 

for 

third 

• 

Approve  in  writing  all 

final  reports 

and 

5.2.3 

documentation  for  third  party  performance 

"Out  of  Control"  Audits 

samples 

• 

All  "out  of  control"  events  will  be  continuously  audited. 

5. 2. 3.1  Termination  of  an  Analytical  Procedure 

The  Director  of  QA/QC  Programs  has  the  authority 
after  notice  (see  Sec.  4.7)  to  terminate  an  analyti¬ 
cal  procedure  due  to  the  lack  of  compliance  with  any 
single  aspect  of  the  WESTON  Standard  QA  Plan,  WESTON 
Standard  Analytical  Plan,  or  WESTON  Analytical  Labora¬ 
tory  QA/QC  Manual. 
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5. 2. 3. 2  Restart  of  Terminated  Analytical 
dures 

The  Director  of  QA/QC  Programs  must  approve  the  re¬ 
start  of  any  analytical  procedures  which  are  "out  of 

control"  and  have  been  terminated. 

5.2.4  Quality  Control  Sample  Results 

Results  of  analysis  of  all  quality  control  samples  must  be 
reviewed  and  approved  in  writing  by  the  laboratory  QA  coor¬ 
dinator.  These  samples  are  required  by  the  WESTON  Standard 
QA/QC  Plan  and  include  all  third  party  performance  samples , 
and  all  blind  WESTON  QC  samples,  as  described  in  detail  in 
the  WESTON  Analytical  Laboratory  QA/QC  Manual  the  following 
QA  samples  may  be  required  as  part  of  a  project  QA  program. 

•  Blanks  ^ 

-  Reagent  Blan£ 

Method  Blaglj 
Trip  Blank  ** 

Field  Blank 

•  Replicates 

-  Field  duplicate  samples  £or  replicate) 

-  Laboratory  split  samples 

•  Spikes 

-  Field  spiked  sample  (one  sample  of  field  split- 
samples  ) . 

Laboratory  matrix  spiked  sample. 

Laboratory  standard  matrix  spiked  sample  . 

•  Performance  Samples 

-  Third  party  samples 

-  WESTON  "blind"  samples 

* _  ■  —  .  .  .  -  -  - - - - - - 

Samples  required  by  the  WESTON  Standard  QA/QC  Plan.  Re¬ 
sults  of  these  samples  will  be  checked  on  a  parameter  basis 
during  routine  audits  unless  specifically  requested  by  the 
project  analysis  plan. 

These  samples  are  currently  not  required  by  the  stan¬ 
dard  laboratory  QA/QC  plan.  However  for  specific  analyses 
(e.g.  analysis  of  volatile  organic  compounds  in  aqueous  sam¬ 
ples  )  it  is  important  that  the  persons  collecting  the  sam¬ 
ples  give  strong  consideration  to  including  field  and  trip 
blanks  in  the  samples  submitted  for  analysis.  This  require¬ 
ment  will  be  addressed  in  the  preparation  of  the  project  sam¬ 
pling  and  analysis  plan. 
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5.2.5  Reports  and  Deliverables 

5. 2.5.1  Quarterly  QA  Reports 

A  quarterly  QA  report  to  the  Director  of  QA/QC  Programs  must 
be  prepared  by  WESTON  Analytics  by  the  15th  of  January, 
April,  July,  and  October  of  each  year.  The  quarterly  report 
will  be  a  summary  of  all  laboratory  audit  results,  results 
from  blind  samples,  performance  samples,  and  project  analy¬ 
sis  plan  QA  samples,  and  "out  of  control"  situations.  Recom¬ 
mendations  for  future  improvements  and  actions  mus,-.  be  in¬ 
cluded  i-n  this  report. 

5. 2.5.2  Annual  QA  Report- 

An  annual  QA  report  will  be  prepared  by  WESTON  Analytics  by 
January  15  of  each  year.  The  annual  report  will  summarize 
activities  and  performance  of  the  total  WESTON  QA  system  as 
it  relates  to  analytical  laboratories.  QA/QC  goals  fcr  the 
next  year  with  appropriate  action  plans,  milestones,  and 
costs  are  to  be  included  in  the  report. 

5. 2.5.3  "Out  of  Control"  Report 

The  report  required  by  Section  4.7  must  be  reviewed  by  the 
laboratory  QA  coordinator.  The  report  with  QA  coordinator 
comments  will  be  forwarded  through  WESTON  analytics  to  the 
Director  of  QA/QC  Programs. 

5. 2. 5. 4  Project  QA  Report  (special  project  requirement) 

If  the  project  analysis  plan  requires  the  analysis  of  any  QC 
samples (s)  beyond  those  required  by  the  laboratory  QC  plan 
or  requires  an  audit  of  data  documentation,  the  Laboratory 
Manager  must  perform  the  tasks  to  comply  with  the  project's 
analysis  plan. 

5. 2.5.5  Third  Party  Performance  Sample  Report 

Results  of  analysis  of  third  party  performance  samples  must 
be  reviewed  by  the  laboratory  QA  coordinator  and  a  summary 
report  prepared,  before  the  results  can  be  forwarded  to  the 
third  party. 

5. 2. 5. 6  A  Non-Compliance  Report 

Any  non-compliance  with  the  WESTON  QA  system,  plans,  or  pro¬ 
tocols  observed  by  the  QA  coordinator  will  be  reported  at 
the  earliest  possible  time,  in  writing,  to  the  laboratory 
manager.  If  the  situation  has  been  corrected  within  48 
hours  then  the  written  report  will  be  filed  by  the  QA  coordi¬ 
nator.  However,  if  the  situation  is  not  corrected  with  48 
hours  then  the  following  action  is  required: 
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•  The  laboratory  QA  coordinator  and  the  laboratory  manag¬ 
er  must  submit  to  QA/QC  Director  of  Programs,  a  correc¬ 
tive  action  plan. 

Corrective  action  plan  shall  include  the  following  informa¬ 
tion: 

•  Description  of  the  non-compliance  situation. 

•  Detailed  Action  Plan 

•  Milestones  with  projected  completion  dates. 

•  Estimated  cost  and/or  loss  of  revenue  associated  with 
the  action  plan. 

•  If  the  QA/QC  Director  of  Programs  approves  the  action 
plan,  necessary  action  will  be  carried  out  by  the  labor¬ 
atory  manager  and  monitored  by  the  QA  coordinator. 

•  If  agreement  on  an  appropriate  action  plan  cannot  be 
reached,  the  Director  of  QA/QC  Programs  will  make  the 
final  determination  of  the  actions  to  be  taken. 

5. 2. 5. 7  WESTON  Analytical  Laboratory  QA/QC  Manual 

The  laboratory  technical  staff,  the  QA  Coordinator,  and  the 
Director  of  QA/QC  Programs  are  responsible  for  reviewing  the 
WESTON  Analytical  Laboratory  QA/QC  Manual  on  an  annual  bas¬ 
is.  This  will  include  the  WESTON  Standard  QA/QC  Plan  and 
the  WESTON  Standard  Analytical  Plan. 
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6.0  SUBCONTRACTED  ANALYSES 

All  subcontracted  analyses  wild  be  sent  to  a  WESTON  "approv¬ 
ed"  laboratory.  The  criteria  for  the  WESTON  approved  labora¬ 
tory  are: 

•  Evidence  of  required  regulatory  authority  approval/cer¬ 
tification  as  appropriate. 

•  WESTON  Analytics  on-site  inspection  and  recommendation. 

•  Review  and  evaluation  of  work  quality 

A  copy  of  the  following  documents  must  accompany  the  sam- 
ple(s). 

Chain  of  Custody  forms 

WESTON  analytical  laboratory  services  agreement  in¬ 
cluding  conditions  and  appropriate  attachments 
WESTON  SOP  for  the  analytical  procedures ( s  ) 

The  WESTON  laboratory  manager  is  responsible  for  all  of  the 
required  documentation  that  must  accompany  any  subcontracted 
work.  The  WESTON  laboratory  manager  or  designee  has  the 
"right  of  first  refusal"  of  all  analytical  work  generated  by 
WESTON  personnel.  If  the  work  is  refused,  the  laboratory 
manager  will  take  responsibility  for  subcontracting  the  work 
to  an  acceptable  laboratory  and  will  ensure  compliance  with 
the  WESTON  Standard  QA/QC  Plan,  WESTON  Standard  Analytical 
Plan,  WESTON  Analytical  Laboratory  QA/QC  Manual  and  the 
WESTON  project's  analysis  plan. 
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LABORATORY  ANALYTICAL  REPORTS 


ERRATA 


AD-A  227  652 


Pages  1-1  -  1-38  are  not  available  per  the 
originator  of  this  document. 
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23  Jan  91 
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Comments:  Surrogates:  2-Fluorophenol :  65.2% 

cU-Nitrobenzene:  46.9% 


Date  of  Report:  31  January  19Si> 


DATA  SUMMARY  FOR:  OTIS  AIR  NATIONAL  GUARD  BASE 

DATE  SAMPLES  COLLECTED:  13  Dec.  1934  DATE  EXTRACTED:  26  Dec.  10-34 
RFW  NO.:  8412-992-0010  DATE  ANALYZED:  29  Jan.  1985 
SAMPLE  DESCRIPTION:  Header  #12 


GC/MS  FRACTION 
BASE/NEUTRAL  COMPOUNDS 


Dilution  =10% 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzidine 

Benzo  (a)  Anthracene 
Benzo  (a)  Pyrene 


Units  of  Concentration  ug/L  x _ 

mg/l _ _ 

Other _ 

Detection  Limit  =  200  yq/L 

Detection  Limit  for  Benzidine(only)=70'’|nur: 


N.F.  Diethyl  Phthalate  N.F . 
N.F.  Dimethyl  Phthalate  N.F, 
N.F.  Di-N-Butyl  Phthalate  N.F. 
N.F.  2,4  Dinitrotoluene  N.F. 
N.F.  2,6  Dinitrotoluene  N.F. 
N.F.  Di-N-Octyl  Phthalate  N.F, 


3,4  Benzo-fluoranthene 

N.F. 

1,2  Diphenyl  hydrazine 

Benzo  (ghi)  Perylene 

N.F. 

Fluoranthene 

Benzo  (k)  fluoranthene 

N.F. 

Fluorene 

Bis  (2-chloroethoxy)  Methane 

N.F. 

Hexachlorobenzene 

Bis  (2-chloroethyl )  ether 

N.F. 

Hexachlorobutadiene 

Bis  (2-chloroisopropyl)  ether 

N.F.. 

Hexachl orccycl opentadi ene 

Bis  (2-ethyl  hexyl)  phthalate 

1,300 

Hexachloroethane 

4  Bromophenyl  phenyl  ether 

N.F. 

Indeno  (1,2,3-cd)  Pyrene 

Butyl  Benzyl  phthalate 

1,300 

Isophorone 

2-Chl oronaphthal ene 

N.F. 

Naphthalene 

4-Chlorophenyl  phenyl  ether 

N.F. 

Nitrobenzene. 

Chrysene 

N.F. 

N-Ni trosodimethyl ami ne 

01 benzo  (a.h)  Anthracene 

N.F. 

N-Nitroso  di-N-propyl amine 

1,2  Di chlorobenzene 

N.F. 

N-Ni trosodi phenyl  ami ne 

1,3  Di chlorobenzene 

N.F. 

Pherianthrene 

1,4  Di chlorobenzene 

N.F. 

Pyrene 

3,3'  Dichlorobenzidine 


1,2,4  Trichlorobenzene 


Other  2-Methyl naptha lene 

N.F.  =  Not  Found  (concentrations  below  detection  limits) 


Surrogate  Recoveries 


2-Fluorophenol 

Nitrobenzene-ds 
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Approved  By:j 


Far!  M.  Hansen,  Ph.D. 

Director,  WESTON  Analytical  Labs 


Date  of  Report:  31  January  1985 


DATA  SUMMARY  FOR: 

DATE  SAMPLES  COLLECTED: 
RFW  NO.: 

SAMPLE  DESCRIPTION: 


OTIS  AIR  NATIONAL  GUARD  BASE 

13  Dec.  1984  DATE  EXTRACTED:  26  Dec.  1984 
8412-992-0010  DATE  ANALYZED:  29  Jan.  1985 
Header  #12 


GC/MS  FRACTION 
ACID  COMPOUNDS 


Units  of  Concentration  ug/L _ x 

mg/L _ 

Other 


2  Chlorophenol 
2,4  Diehl orophenol 
2,4  Dimethyl  phenol 

4.6  Dinitro-O-Cresol 
2,4  Dinitrophenol 

2  Nitrophenol 
4  Nitrophenol 
P  Chloro-M-Cresol 
Pentachl orophenol 
Phenol 

2.4.6  Tri chi orophenol 
Other 

2-Methyl  phenol _ 

4-Methyl  phenol _ 


N.F. 

tl.F. 

20<x<200 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

N.F.  " 

780 

N.F.' 


610 

930 


Detection  Limit  =  200  un/L 
Dilution  =  10% 


N.F.  *  Not  Found  (concentrations  below  detection  limits) 


Surrogate  Recoveries:  % 

2-Fluorophenol  72 

Nitrobenzene-d5  104 


WESTON  Analytical  Labs 
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Date  of  Report:  31  January  1985 


DATA  SUMMARY  FOR:  OTIS  AIR  NATIONAL  GUARD  BASE 

DATE  SAMPLES  COLLECTED:  13  Dec.  1984  DATE  OF  EXTRACTION: 

RFtf  NO.:  S'l 2-992 -0020  D'ATE  OF  ANALYSIS: 

SAMPLE  DESCRIPTION:  Header  #7 


Not  Extracted 
30  January  193' 


GC/MS  FRACTION 
8ASE/NEUTRAL  COMPOUNDS 


Units  of  Concentration  ug/L_ 

mg/L_ 

Other_ 

Detection  Limit  =  10,000  Uq/L 


Acenaphthene 

N.F. 

Diethyl  Phthalate 

N.F. 

Acenaphthylene 

N.F. 

Dimethyl  Phthalate 

N.F. 

Anthracene 

N.F. 

Di-N-Butyl  Phthalate 

N.F. 

Benzidine 

N.F. 

2,4  Dinitrotoluene 

N.F. 

Benzo  (a)  Anthracene 

N.F. 

2,6  Dinitrotoluene 

N.F. 

Benzo  (a)  Pyrene 

N.F. 

Di-N-Octyl  Phthalate 

N.F. 

3,4  Benzo-fluoranthene 

N.F. 

1,2  Diphenyl  hydrazine 

N.F. 

Benzo  (ghi)  Perylene 

N.F. 

Fluoranthene 

N.F. 

Benzo  (k)  fluoranthene 

N.F. 

Fluorene 

N.F. 

Bis  (2-chloroethoxy)  Methane 

N.F. 

Hexachlorobenzene 

N.F. 

Bis  (2-chloroethyl )  ether 

N.F. 

__  Hexachlorobutadiene 

N.F. 

Bis  (2-chloroisopropyl )  ether 

N.F. 

Hexachl orocycl opentadi ene 

N.F. 

Bis  (2-ethyl  hexyl)  phthalate_. 

N.F. 

__  Hexachl oroethane 

N.F. 

4  Bromophenyl  phenyl  ether 

N.F. 

Indeno  (1,2,3-cd)  Pyrene 

N.F. 

Butyl  Benzyl  phthalate 

N.F. 

Isophorone 

N.F. 

2-Chloronaphthalene 

N.F. 

Naphthalene 

l,n00<x<in>or. 

4-Chlorophenyl  phenyl  ether 

N.F. 

Nitrobenzene 

N.F. 

Chrysene 

N.F. 

N-Ni trosodimethy 1 ami ne 

N.F. 

Oibenzo  (a,h)  Anthracene 

N.F. 

N-Nitroso  di-N-propyl amine 

N.F. 

1,2  Di chlorobenzene 

N.F. 

N-Ni trcsodi phenyl  ami ne 

N.F. 

1,3  Di chlorobenzene 

N.F. 

Phenanthrene 

N.F. 

1,4  Di chlorobenzene 

N.F. 

Pyrene 

N.F. 

3,3'  Dichlorobenzidine 

N.F. 

1,2,4  Trichlorobenzene 

N.F. 

N.F.  =  Not  Found  (concentration: 

Other  2-Methylnapthalene 
:  below  detection  limits^"-) > 

u.noo 

/ 

No  Surrogates 

Approved  By — " 

1-42  M*  Hansen»  Ph.D. 

Director,  WESTON  Analytical  Labs 

Date  of  Report:  31  January  1085 


DATA  SUMMARY  FOR:  OTIS  AIR  NATIONAL  GUARD  BASE  | 
DATE  SAMPLES  COLLECTED:  13  Dec.  1984  DATE  OF  EXTRACTION:  MOT  EXTRACTS] 
RFW  NO.:  8412-992-0020  DATE  OF  ANALYSIS:  30  Jan.  1Q05  ' 
SAMPLE  DESCRIPTION:  .  Header  #7 


GC/MS  FRACTION 
ACID  COMPOUNDS 


2  Chlorophenol 

2,4  Di chlorophenol 

2,4  Dimethyl  phenol 

4.6  Dinitro-O-Cresol 

2,4  Dinitrophenol 

2  Nitrophenol 
4  Nitrophenol 
P  Chloro-M-Cresol 
Pentachlorophenol 
Phenol 

2.4.6  Trichi orophenol 
Other 


NJI— 

N.F, 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

N.F.- 

N.F. 

N.F. 

N.F. 


N.F. 


Units  of  Concentration  ug/L  x 

mg/L _ 

Other _ 

Detection  Limit:  10,000  yn/L 
Dilution  =  0.1" 


N.F.  =  Not  Found  (concentrations  below  detection  limits) 
No  Surrogates 


Director 

HESTON  Analytical  Labs 
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Date  of  Report:  31  January  1PD5 


DATA  SUMMARY  FOR:  .  OTIS  AIR  NATIONAL  GUARD  BASE 

DATE  SAMPLES  COLLECTED:  73  Dec.  1984  DATE  EXTRACTED:  26  Dec.  1934 

RFW  N0-:  8412-992/  DATE  ANALYZED:  29  Jan.  1Q85 

SAMPLE  DESCRIPTION:  D.I.  Blank 

GC/MS  FRACTION 
BASE/NEUTRAL  COMPOUNDS 

Units  of  Concentration  ug/L  x _ 

mg/L _ 

Other  _ 


Acenaphthene 

N.F. 

Detection  Limit  =  200  ug/L 
Detection  Limit  for  Benzidine 
Diethyl  Phthalate 

(only)  =  2000  Ua/L 
N.F. 

Acenaphthylene 

N.F. 

Dimethyl  Phthalate 

N.F. 

Anthracene 

N.F. 

Di-N-Butyl  Phthalate 

N.F. 

Benzidine 

N.F. 

2,4  Dinitrotoluene 

N.F. 

Benzo  (a)  Anthracene 

N.F. 

2,6  Dinitrotoluene 

N.F. 

Benzo  (a)  Pyrene 

N.F. 

Di-N-Octyl  Phthalate 

86 

3,4  Benzo-fluoranthene 

N.F. 

1,2  Diphenyl  hydrazine 

N.F. 

Benzo  (ghi)  Perylene 

N.F. 

Fluoranthene 

N.F. 

Benzo  (k)  fluoranthene 

N.F. 

Fluorene 

N.F. 

Bis  (2-chloroethoxy)  Methane 

N.F. 

Hexachlo robenzene 

N.F. 

Bis  (2-chloroethyl )  ether 

N.F. 

Hexachlorobutadiene 

N.F. 

Bis  (2-chlonisopropyT)  ether 

N.F. 

Hexachl orocycl opentadi ene 

N.F. 

Bis  (2-ethyl  hexyl)  phthalate 

N.F. 

Hexachloroethane 

N.F. 

4  Bromophenyl  phenyl  ether 

N.F. 

Indeno  (1,2,3-cd)  Pyrene 

N.F. 

Butyl  Benzyl  phthalate 

N.F. 

Isophorone 

N.F. 

2-Chl oronaphthal ene 

N.F. 

Naphthalene 

N.F. 

4-Chlorophenyl  phenyl  ether 

N.F. 

Nitrobenzene 

N.F. 

Chrysene  _ 

N.F. 

N-Ni trosodimethy 1  ami ne 

N.F. 

Di benzo  (a.h)  Anthracene 

N.F. 

N-Nitroso  di-N-propyl amine 

N.F. 

1,2  Dichlorobenzene 

N.F. 

N-Ni trosodi phenyl ami ne 

N.F. 

1,3  Di chlorobenzene 

N.F. 

Phenanthrene 

N.F. 

1,4  Oichlorobenzene 

N.F. 

Pyrene 

N.F. 

3,3'  Dichlorobenzidine 

N.F. 

1,2,4  Trichlorobenzene 

N.F. 

Other 

N.F.  =  Not  Found  (concentrations  below  detection  limits)  , 

N.F. 

t 

Surrogate  Recoveries  % 

Approved  By :  (rf&JLf  tlA  lb, 

AJ(  ( 

pWophenol  W  aa  ^ 

d5-Nitrobenzene  63  1-44  .  Director,  HESTON  Analytical  Labs 


Date  of  Report:  31  January  1985 


DATA  SUMMARY  FOR:  OTIS  AIR  NATIONAL  GUARD  BASE 

DATE  SAMPLES  COLLECTED:  13  Dec.  1984  DATE  EXTRACTED:  26  Dec.  1Q8A 

RFW  NO.:  .  9412-992/  DATE  ANALYZED:  29  Jai,.  1985 

SAMPLE  DESCRIPTION:  D.I.  Blank 

GC/MS  FRACTION 
ACID  COMPOUNDS 

Units  of  Concentration  ug/L  x 

ma/L _ 

Other _ 

Detection  Limit  =  20  ufl/L 


2  Chlorophenol 

2,4  Dichlorophenol 

2,4  Dimethyl  phenol 

4.6  Dinitro-O-Cresol 

2,4  Dinitrophenol 

2  Nitrophenol 
4  Nitrophenol 
P  Chloro-M-Cresol 
Pentachlorophenol 
Phenol 

2.4.6  Tri chlorophenol 
Other 


N.F. 

N.F. 

nX 

nTfT 

nTfT 

n7f7 

nTfT 

TX 

¥7f7 

n.f". 

TX 

N.F. 


N.F.  =  Not  Found  (concentrations  below  detection  limits) 


Surrogate  Recoveries  % 

2-Fluorophenol  TOO 

ds-Nitrobenzene  63 
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DESIGNERS 


CONSULTANTS 


inter-office  memorandum 

TO:  Judith  Porta  DATE:  28  January  1985 


FROM: 


Carter  Nulton 


SUBJECT:  OTIS  AFB  SAMPLES 

RFW# ' s  8412-992-0010  -  0070 
(CLIENT  I.D.  S-l  to  S-7 ) 


W.  O.  No.: 


Sample  0010  was  extracted  with  hexane  and  analyzed  by  capillary  column 
GC/FID  (30  meter  DB-5);  samples  0020  -  0070  were  diluted  1:100  in  hexane 
and  analyzed  using  the  same  conditions.  The  resulting  GC  profiles  of 
0010  and  0020  were  compared  to  those  obtained  from  the  pure  products 
and  the  following  observations  are  made: 

1.  0010  -  is  similar  to  0050  (see  Fig.  1)  except  that  the 
"high  ends"  (peaks  at  retention  times  61.34,  63.59, 

69.67,  77.29  and  84.16  on  Fig.  1-4)  in  0010  are  of 
lower  concentration  than  in  0050.  The  concentration 
of  0010  calculated  on  the  basis  of  selected  lower 
molecular  weight  peaks  (A-E  on  Fig.  1)  is  480  mg/L. 

If  the  "high  ends"  are  used,  the  concentration  is  20  mg/L. 

2.  0020  -  is  similar  to  0050  (see  Fig.  2)  except  that  the 
lower  molecular  weight  peaks  (those  eluting  between  the 
solvent  and  50  minutes)  are  gone. 

Sample  0020  is  completely  miscible  in  hexane. 


23  January  1985 


OTIS  A.N.G. 

FINAL  REPORT-THC 
SAMPLES  SUBMITTED:  5  OCT.  19'V 
W.O.  NO.:  0628-no-28 


R.F.W.  NO. _ SAMPLE  DESCRIPTION _ TOTAL  FUEL  HYDROCARBONS,  mg/ Kg 


8410-712-0010 

TP1 

<1 

-0020 

TP9 

<1 

-0030 

TP14 

<1 

-0040 

TP1 6 

<1 

-0050 

TP3A 

<1 

-0060 

TP6A 

^1 

-0070 

TP7A 

<1 

-0080 

TP-3A 

<1 

NOTE:  The  method  used  to  deter¬ 
mine  the  presence  of 
hydrocarbons  in  these 
soils  was  extraction  of 
a  1  gm.  sample  with 
hexane,  then  analysis 
by  FID-GC  with  a  30 
meter  fused  silica 
capillary  column. 


Approved  By: _ 

Earl  M.  Hansen,  Pji.D. 
Director 
Analytical  Lab 
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Date  of  Report:  23  January  1985 


RECEIVED 

JAi'i  ;  3  -35 

ROY  F.  V>  L5TON.  INC 

CONCORD  CF~CS 


OTIS  A.N.G. 

SUMMARY  THC  REPORT 
SAMPLES  SUBMITTED:  30  NOV.  1984 
W.O.  NO.  0628-05-23 


R.F.W.  NO.  SAMPLE  DESCRIPTION  TOTAL  FUEL  HYDROCARBONS,  mq/L 


8411-829-0080 

Well 

8 

<1 

-0090 

Well 

9 

<1 

-0100 

Well 

10 

<1 

-0110 

Well 

10A 

<1 

-0120 

Well 

11 

<1 

NOTE:  The  method  used  to  determine  the  presence  of 

hydrocarbons  was  by  FID-GC  with  a  30  meter 
fused  silica  capillary  column. 


Analytical  Lab 


Approved  By : 


T 


OATA  SUMMARY: 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

DATE  OF  REPORT:  17  December  1984 

OTIS  AFB 

12/4/84 

8411-829/ 

Lab  Blank 

6C/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachloroethylene 

NF 

Bromome thane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Trichloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chlorodibromomethane 

NF 

Trichloroethylene 

NF 

Chloroethane 

NF 

Tri chi orof 1  uoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Diehl orobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orod i f 1 uoromethane 

NF 

Xylene 

NF 

1,1  Di chloroethane 

NF 

Methyl  Isobutyl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

1-51 


DATE  OF  REPORT:  17  December  1984  * 

DATA  SUMMARY: 

OTIS  AFB 

DATE  RECEIVED:  11/10/84, 

ANALYZED: 

12/4/84 

RFW  NO.: 

8411-829-0010 

SAMPLE  DESCRIPTION: 

Well  1 

GC/MS  FRACTION 

' 

VOLATILE 

COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromome thane 

NF 

Toluene 

NF 

Bromoforra 

NF 

1,2  Trans’  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chlorodi bromome thane 

NF 

Trichl oroethyl ene 

12 

Chloroethane 

NF 

Trichlorofluoromethane 

NF 

2-Chl oroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Di chi orobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Oi chi orodi f 1 uc  rome thane 

'NF 

Xylene 

NF 

1,1  Dichloroethane 

NF 

Methyl  Isolutvl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methvl  Ethyl  Ketone 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Oichloropropene 

NF 

1-52 


DATE  OF  REPORT:  17  December  1984 


DATA  SUMMARY : 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

OTIS  AFB 

12/4/84 

8411-829-0020 

Well  2-A 

6C/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L _ 

Other _ 

Acrolein 

NF 

_  Methylene  Chloride 

NF 

Acrylonitrile 

NF 

_ _  1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

___  Tetrachl oroethylene 

NF 

Bromome thane 

NF 

__  Toluene 

NF 

Bromoform 

NF 

_  1,‘2  Trans’  Diehl  oroethylene 

NF 

Carbon  Tetrachloride 

NF 

_  1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

_  1,1,1  Trichloroethane 

NF 

Chlorodibromomethane 

NF 

_  Trichloroethylene 

29 

Chloroethane 

NF 

_  Trichlorofluoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

_  Vinyl  Chloride 

NF 

Chloroform 

NF 

_  .Other 

Di chi orobromomethane 

•  •  NF 

.Detection  Limit  *  10  ug/L 

Di chi orodi H  uorome thane 

NF 

Xylene 

NF 

1,1  Dichloroethane 

NF 

Methyl  Isobutyl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

NF 

1,1  Diehl oroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

1-53 


DATA  SUMMARY: 

OATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

DATE  OF  REPORT:  17  December  1984  * 

OTIS  AFB 

12/4/84 

3411-829-0030 

Well  3-A 

6C/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachloroethylene 

in 

Bromomethane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans’  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chi orodibromome thane 

NF 

Trichloroethyl ene 

14 

Chloroethane 

NF 

Tri chi orof 1 uoromethane 

m 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

_  NF 

Chloroform 

NF 

.Other 

Di chi orobromome thane 

NF 

.Detection  Limit  =  10  ug/L 

Dich‘ orodifluoromethane 

NF 

Xylene 

NF 

1,1  Di chloroethane 

NF 

Methyl  Isobutyl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Chi orome thane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

1-54 


DATE  OF  REPORT:  17  December  1984 


OATA  SUMMARY : 

OTIS  AFB 

DATE  RECEIVED:  11/10/84, 

ANALYZED: 

12/4/84 

RFW  NO.: 

8411-829-0040 

SAMPLE  DESCRIPTION: 

Well  4 

GC/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration 

ua/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromomethane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans’  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

22 

Chlorodibromomethane 

NF 

Trichloroethylene 

13 

Chloroethane 

NF 

Tri chi orof 1 uorome thane 

10 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Di chi orobroraomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orodi f 1 uorome thane 

'NF 

Xylene 

NF 

1,1  Diehl oroethane 

NF 

Methyl  Isobutyl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

NF 

1,1  Dichloroethylene 

NF 

1,2  Oichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

1-55 


DATA  SUMMARY: 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

DATE  OF  REPORT:  17  December  1984 

OTIS  AFB 

12/4/84 

8411-829-0050 

Well  5 

6C/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

.  JO 

Bromome thane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chlorodibromome thane 

NF 

Trichl oroethyl ene 

1 1  - . 

Chloroethane 

NF 

Tri chi orofl uoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Di chi orobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orod i  f 1  uoromethane 

NF 

Xylene 

NF 

1,1  Dichloroethane 

NF 

Methyl  Isobutyl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

NF 

1,1  Dichloroethylene 

NF 

1,2  Oichloropropane 

NF 

Ethylbenzene 

NF 

Chi orome thane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

1-56 


DATE  OF  REPORT:  17  December  1984 


DATA  SUMMARY:  OTIS  AFB 

OATE  RECEIVED:  11/10/84,  ANALYZED:  12/4/84 
RFW  NO . :  _  8411-829-0060 

SAMPLE  DESCRIPTION:  Well  6 

GC/MS  FRACTION 
VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L 

mg/L 

Other 


Acrolein 

NF 

Methylene  Chloride 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

Benzene 

NF 

Tetrachl oroethyl ene 

Bromomethane 

NF 

Toluene 

Bromoform 

NF 

1,2  Trans'  Dichloroethylene 

Carbon  Tetrachloride 

NF 

1,1,2  Trichloroethane 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

Chi orodi bromomethane 

NF 

Trichloroethylene 

Chloroethane 

NF 

Tri chi orof 1 uorome thane 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

Chloroform 

NF 

.Other 

Dichlorobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orodi f 1 uorome thane 

NF 

Xylene 

1,1  Dichloroethane 

NF 

Methyl  Isobutyl  Ketone 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

1,1  Dichloroethylene 

NF 

1,2  Oichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

OATA  SUMMARY: 

OATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

DATE  OF  REPORT:  17  December  1984  * 

OTIS  AFB 

12/4/84 

8411-829-0070 

Well  7 

« 

GC/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L _ 

X 

tng/L _ 

Other _ 

Acrolein 

NF 

_  Methylene  Chloride  _ 

NF 

Acrylonitrile 

NF 

‘ _  1,1, 2, 2  Tetrachloroethane  _ 

NF 

8enzene 

NF 

_ _  Tetrachloroethylene  _ 

NF 

Bromome thane 

NF 

_ _  Toluene 

NF 

Bromoform 

NF 

_  1,2  Trans'  Dichloroethylene  _ 

NF 

Carbon  Tetrachloride 

NF 

_  1,1,2  Tri chloroethane  _ 

NF 

Chlorobenzene 

NF 

_  1,1,1  Trichloroethane  _ 

NF 

Chlorodibromomethane 

-  NF 

_  Trichloroethylene  _ 

13 

Chloroethane 

NF 

_  Trichlorofluoromethane  _ 

NF 

2-Chloroethyl vinyl  Ether 

NF 

_  Vinyl  Chloride  _ 

NF 

Chloroform 

NF 

_  .Other  _ 

Di chi orobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orodi f 1 uorome thane 

‘NF 

Xylene 

NF 

1,1  Dichloroethane 

NF 

Methyl  Isobutyl  Ketone 

NF 

1,2  Dichloroethane 

NF 

Methyl  Ethyl  Ketone 

NF 

1,1  Dichloroethylene 

NF 

1,2  Oichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Oichloropropene 

NF 

1,3-Cis  Oichloropropene 

NF 

1-58 


DATE  OF  REPORT:  17  December  1984 

OATA  SUMMARY: 

OTIS  AFB 

DATE  RECEIVED:  11/10/84, 

ANALYZED: 

12/4/84 

RFW  NO.: 

8411-829-0080 

SAMPLE  DESCRIPTION: 

Well  8 

GC/MS  FRACTION 

VOLATILE 

COMPOUNDS 

Units  of  Concentration  ug/L _ 

X 

mg/L _ 

Other _ 

Acrolein 

NF 

_  Methylene  Chloride  _ 

NF 

Acrylonitrile 

NF  ' 

__  1,1, 2, 2  Tetrachloroethane  __ 

NF 

Benzene 

NF 

__  Tetrachloroethylene  _ 

NF 

Bromomethane 

NF 

__  Toluene  _ 

NF 

Bromoform 

NF 

___  1,2  Trans  Dichloroethylene  _ 

NF 

Carbon  Tetrachloride 

NF 

_  1,1,2  Tri chloroethane  _ 

NF 

Chlorobenzene 

NF 

_  1,1,1  Trichloroethane  _ 

NF 

Ch 1 o  rod i b  romome thane 

NF 

_  Trichloroethylene  _ 

12 

Chloroethane 

NF 

_  Trichlorofluoromethane  _ 

NF 

2-Chloroethyl vinyl  Ether 

NF 

_  Vinyl  Chloride  _ 

NF 

Chloroform 

NF 

_ .Other  _ 

Di chi orobromomethane 

NF 

.Detection  Limit  «  10  ug/L 

Di chi orod i f 1 uorome thane 

'NF 

1,1  Dichloroethane 

NF  . 

1,2  Dichloroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

•  NF 

1-59 


DATE  OF  REPORT:  17  December  1984 


4 


DATA  SUMMARY : 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

OTIS  AFB 

12/4/84 

3411-829-0090 

Well .9 

GC/MS 

VOLATILE 

FRACTION 

COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L _ 

Other _ 

Acrolein 

NF 

____  Methylene  Chloride 

NF 

Acrylonitrile 

NF 

_  1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

____  Tetrachloroethylene 

NF 

Bromomethane 

NF 

_  Toluene 

NF 

Bromoform 

NF 

_  1,2  Trans'  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

_  1,1,2  Tri chi oroethane 

NF 

Chlorobenzene 

NF 

_  1,1,1  Trichloroethane 

NF 

Chlorodibromome thane 

NF 

_  Trichloroethylene 

12 

Chloroethane 

NF 

_  Trichlorofluoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

_  Vinyl  Chloride 

NF 

Chloroform 

NF 

_  .Other 

Dichlorobromome thane 

'  NF 

.Detection  Limit  *  10  ug/L 

Dichlorodifluoromethane 

’NF 

1,1  Di chloroethane 

NF 

1,2  Diehl oroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Oichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

1-60 


DATE  OF  REPORT:  17  December  1984 


DATA  SUMMARY: 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

OTIS  AFB 

12/4/84 

8411-829-0100 

Well  10 

GC/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromomethane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans  Diehl oroethyl ene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Ch 1 o rod i b romome thane 

NF 

Trichloroethylene 

12 

Chloroethane 

NF 

Trichlorofluoromethane 

Np 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Oi chi orobromome thane 

•  NF 

.Detection  Limit  =  10  ug/L 

Di chi orodi fl uoronethane 

‘NF 

1,1  Di chloroethane 

NF 

' Xylenes 

66 

1,2  Dichloroethane 

NF 

1,1  Qichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

13 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

DATA  SUMMARY : 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

DATE  OF  REPORT:  17  December  1984 

OTIS  AFB 

12/4/84 

8411-829-0110 

Well  10A 

GC/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration  ug/L _ 

X 

mg/L _ 

Other _ 

Acrolein 

NF 

_  Methylene  Chloride  _ 

NF 

Acrylonitrile 

NF 

_ _  1,1, 2, 2  Tetrachloroethane  _ 

NF 

Benzene 

NF 

__ _  Tetrachloroethylene  _ 

NF 

Bromome thane 

NF 

_ _  Toluene  _ 

NF 

Bromoform 

NF 

_  1,2  Trans  Oichloroethylene  _ 

NF 

Carbon  Tetrachloride 

NF 

_  1,1,2  Tri chloroethane  _ 

NF 

Chlorobenzene 

NF 

_  1,1,1  Trichloroethane  _ 

NF 

Chlorodibromome thane 

.  NF 

_  Trichloroethylene  _ 

12 

Chloroethane 

NF 

_  Tri chi orofl uoromethane  _ 

NF 

2-Chloroethyl vinyl  Ether 

NF 

_  Vinyl  Chloride  _ 

NF 

Chloroform 

NF 

_  .Other  _ 

Diehl orobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orod i f ' 1  uoromethane 

NF 

1,1  Dichloroethane 

NF 

'  Xylenes 

14 

1,2  Dichloroethane 

NF 

1,1  Oichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

El 

W  * 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Oichloropropene 

NF 

1-62 


OATA  SUMMARY: 

DATE  RECEIVED:  11/10/84,  ANALYZED: 
RFW  NO.: 

SAMPLE  DESCRIPTION: 


DATE  OF  REPORT:  17  December  1984 

OTIS  AFB 
12/4/84 

8411-829-0120 
Well  11 


GC/MS  FRACTION 

VOLATILE  COMPOUNDS 

Units  of  Concentration 

ug/L _ 

X  ' 

mg/L _ 

Other _ 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF  ' 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromomethane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,'2  Trans  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chlorodibromome thane 

NF 

Trichloroethylene 

12 

Chloroethane 

NF 

Tri chi orof 1 uoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

Other 

Di chi orobromomethane 

NF 

.Detection  Limit  =  10  ug/L 

Di chi orodi f 1 uoromethane 

•NF 

1,1  Di chloroethane 

NF 

1.2  Dichloroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Chi orome thane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 

DATE  OF  REPORT:  17  December  1984 


DATA  SUMMARY: 

DATE  RECEIVED:  11/10/84, 

RFW  NO.: 

SAMPLE  DESCRIPTION: 

ANALYZED: 

OTIS  AFB 

12/4/84 

8411-829-0130 

Well  12 

6C/MS 

VOLATILE 

FRACTION 

:  COMPOUNDS 

Units  of  Concentration  ug/L 

X 

mg/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromomethane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Trichloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Ch 1 o  rod i b romome tha  ne 

NF 

Tri ch 1 oroethy 1 ene 

11 

Chloroethane 

NF 

Tri chi orof 1 uorome thane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Oichlorobromomethane 

NF 

.Detection  Limit  *  10  ug/L 

Dichlorodifluoromethane 

NF 

1,1  Dichloroethane 

NF 

■  Acetone 

27 

1,2  Dichloroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Oichloropropane 

NF 

Ethylbenzene 

NF 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 
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DATA  SUMMARY:  0TiS  AFB 

DATE:  Samples  Collected:  1,2  October 

RFW  NO . :  8410-712/ 

SAMPLE  DESCRIPTION:  Lab  Blank  11/9 

Date  of  Report:  30  November,  1984 

1984 

- 

GC/MS 

VOLATILE 

FRACTION 

COMPOUNDS 

Units  of  Concentration  uq/L  x 

mq/L 

Other 

Acrolein 

NF 

Methylene  Chloride 

NF 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromomethane 

NF 

Toluene 

NF 

Bromofortn 

NF 

1,2  Trans  Dichloroethylene 

NF 

Carbon  Tetrachloride 

Nr- 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chi orodi bromomethane 

NF 

Trichloroethylene 

NF 

Chloroethane 

NF 

Trichlorofluoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Diehl orobromomethane 

NF 

Di chi orod i f 1 uorome thane 

NF 

1,1  Di chloroethane 

NF 

1,2  Dichloroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

—  Detection  Limit: 

10 

Ethylbenzene 

NF 

Chi orome thane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cis  Dichloropropene 

NF 
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DATE  INTERIM  REPORT:  10  January  1985 


OTIS  A.F.B. 

INTERIM  REPORT  FOR 

SAMPLES  RECEIVED  NOVEMBER  9,  1984 


R.F.W.  NO. 

SAMPLE 

DESCRIPTION 

HARDNESS 

mq/L 

TOTAL  Fe 
mq/L 

SOd= 

mq/L 

CL“ 

mq/L 

NO3-N 

mq/L 

TKN 

mq/L 

NH3-N 

mq/L 

8411-329-0010 

WELL  1 

25 

32.6 

23.1 

9.0 

<0.5 

1.6 

1.3 

8411-829-0020 

WELL  2-A 

25 

0.11 

6.6 

11.8 

<0.5 

<0.3 

<0.03 

8411-829-0030 

WELL  3-A 

34 

0.15 

7.9 

14.7 

<0.5 

<0.3 

<0.03 

8411-829-0040 

WELL  4 

20 

0.09 

6.3 

16.4 

<0.5 

<0.3 

<0.03 

8411-829-0130 

WELL  12 

2 

0.09 

<2.0 

1.9 

<0.5 

<0.3 

<0.03 

R.F.W.  NO.  SAMPLE  PHENOLICS  TOTAL  Pb  o/G 


mq/L 

ma/L 

mg/L . 

8411-829-0080 

WELL  8 

<0.005 

<0.01 

0.16  mg/L 

8411-329-0090 

WELL  9 

<0.005 

0.022 

0.13  mg/L 

8411-329-0100 

WELL  10 

<0.005 

<0.01 

8411-829-0110 

WELL  10A 

.006 

<0.01 

8411-829-0120 

WEi  L  11 

<0.005 

<0.01 

3411-829-0130 

WELL  12  ' 

<0.005 

NOT  REQUESTED 

R.F.W.  NO. 

SAMPLE 

DESCRIPTION 

PHENOLICS 

mq/L 

8411-829-0010 

WELL  1 

0.007 

8411-829-0020 

WELL  2-A 

<0.005 

8411-829-0030 

WELL  3-A 

<0.005 

f  \ ,/ 

8411-829-0040 

WELL  4 

<0.005 

APPROVED  BY  :(/y^/'  III 

8411-829-0050 

WELL  5 

<0.005 

Earl  M.  Hansen,  Ph.D. 

Director 

8411-829-0060 

WELL  6 

<0.005 

Analytical  Laboratory 

8411-829-0070 

WELL  7 

<0.005 

**Result  not  yet  reported. 
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OTIS  AFB 


Enclosed  are  the  data  for  the  analysis  of  four  soil  samples 

from  Otis  AFB.  Methylene  chloride  was  detected  in  Sample  TP-4 

and  TP-16  at  concentrations  of  1100  ug/Kg  and  810  ug/Kg  respectively. 

Acetone  was  also  detected  in  Sample  TP-4  at  52  ug/Kg.  Since  no 
methylene  chloride  was  detected  in  the  laboratory  blank,  the 
presence  of  methylene  chloride  in  these  samples  is  not  due  to 
laboratory  contamination.  No  other  volatile  compounds  were 
detected  in  these  samples. 
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DATE  OF  REPORT:  30  NOVEMBER  1984 


DATA  SUMMARY:  ■  0TIS  AFB 


DATE  SAMPLES  COLLECTED: 

October 

1,  2,  1984 

RFW  NO.: 

8410-71: 

2-0010 

SAMPLE  DESCRIPTION: 

TP  1 

GC/MS  FRACTION 

VOLATILE 

COMPOUNDS 

Units  of  Concentration  ug/L 

mq/L 

Other  U?/K<? 

Acrolein 

NF 

Methylene  Chloride 

1 <x<50 

Acrylonitrile 

NF 

1,1, 2, 2  Tetrachloroethane 

NF 

Benzene 

NF 

Tetrachl oroethyl ene 

NF 

Bromomethane 

NF 

Toluene 

NF 

Bromoform 

NF 

1,2  Trans  Dichloroethylene 

NF 

Carbon  Tetrachloride 

NF 

1,1,2  Tri chloroethane 

NF 

Chlorobenzene 

NF 

1,1,1  Trichloroethane 

NF 

Chlorodi bromomethane 

NF 

Trichloroethylene 

NF 

Chloroethane 

NF 

Tri ch 1 orofl uoromethane 

NF 

2-Chloroethyl vinyl  Ether 

NF 

Vinyl  Chloride 

NF 

Chloroform 

NF 

.Other 

Di chi orobromome thane 

NF 

. 

Di chi orod i f 1 uoromethane 

•  •  nf  ; 

•  v *,*  '  ■  .  .  •  ■  .  ■ 

1,1  Di chloroethane 

NF 

1,2  Di chloroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Detection  Limit:  50 

Chloromethane 

NF 

1,3-Trans  Oichloropropene 

NF 

1,3-Cis  Diehl oropropene 

NF 
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DATE  OF  REPORT:  30  NOVEMBER  1984 


DATA  SUMMARY: 

DATE  SAMPLES  COLLECTED : 
RFW  NO.: 

SAMPLE  DESCRIPTION: 


OTIS  AFB 

October  1,  2,  1984 
8410-712-0020 
TP  9 


GC/MS  FRACTION 
VOLATILE  COMPOUNDS 


Units  of  Concentration  ug/L 

mg/L 

Other 


ucr/Kq 


Acrolein 

NF 

_  Methylene  Chloride 

Acrylonitrile 

NF 

_  1,1, 2, 2  Tetrachloroethane 

Benzene 

NF 

__  Tetrachloroethylene 

Bromomethane 

NF 

__  Toluene 

Bromoform 

NF 

_  1,2  Trans  Dichloroethylene 

Carbon  Tetrachloride 

NF 

_  1,1,2  Trichloroethane 

Chlorobenzene 

NF 

_  1,1,1  Trichloroethane 

Chi orodibromome thane 

NF 

_  Trichloroethylene 

Chloroethane 

NF 

_  Tri chi orofl uoromethane 

2-Chloroethyl vinyl  Ether 

NF 

_  Vinyl  Chloride 

Chloroform 

NF 

_  .Other 

Di chi orobromome thane 

NF 

Diehl orodf  f7  uoromethane 

1,1  Dichloroethane 

NF 

1,2  Dichloroethane 

NF 

1,1  Dichloroethylene 

NF 

1,2  Dichloropropane 

NF 

Ethylbenzene 

NF 

Detection  Limit 

Chloromethane 

NF 

1,3-Trans  Dichloropropene 

NF 

1,3-Cls  Dichloropropene 

NF 

1100 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 
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DATE  OF  REPORT:  30  NOVEMBER  1984 


DATA  SUMMARY: 

DATE  SAMPLES  COLLECTED: 
RFW  NO.: 

SAMPLE  DESCRIPTION: 


Acrolein 

Acrylonitrile 

Benzene 

Bromomethane 

Bromoform 

Carbon  Tetrachloride 

Chlorobenzene 

Chlorodibromomethane 

Chloroethane 

2-Chloroethyl vinyl  Ether 

Chloroform 

Di chi orobromomethane 

Di chi orodi  f 1  uoromethane 

1.1  Di chloroethane 

1.2  Di chloroethane 

1.1  Dichloroethylene 

1.2  Dichloropropane 
Ethylbenzene 
Chloromethane 

1.3- Trans  Dichloropropene 

1.3- Cis  Dichloropropene 


OTIS  AFB 

October  1,  2,  1984 
8410-712-0030 
TP  14 

GC/MS  FRACTION 
VOLATILE  COMPOUNDS 


Units  of  Concentration  ug/L 

mg/L 

Other 


ng/Kq 


NF 
NF 
NF 

NF 
NF 
NF 
NF 
NF 
NF 

NF 
NF 
NF 
•NF 
NF 


Methyl ene  Chloride 

1.1. 2. 2  Tetrachloroethane 
Tetrachloroethylene 
Toluene 

1.2  Trans  Dichloroethylene 

1.1.2  Tri chloroethane 
1,1,1  Trichloroethane 
Tri chi oroethyl ene 

Tri chlorofl uoromethane 
Vinyl  Chloride 
.Other 

Acetone 


l<x<50 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 


52 


NF 

NF 

NF 

NF  Detection  Limit:  50 

NF 

NF 

NF 
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DATE  OF  REPORT:  30  NOVE.MBER  1984 


DATA  SUMMARY: 

DATE  SAMPLES  COLLECTED: 
RFW  NO.: 

SAMPLE  DESCRIPTION: 


Acrolein 

Acrylonitrile 

Benzene 

Bromomethane 

Bromoform 

Carbon  Tetrachloride 

Chlorobenzene 

Ch 1 o  rod i b  romome thane 

Chloroethane 

2-Chloroethyl vinyl  Ether 

Chloroform 

Diehl orobromomethane 
Di ch 1 orod i f 1 uorome thane 

1.1  Di chloroethane 

1.2  Dichloroethane 

1.1  Dichloroethylene 

1.2  Dichloropropane 
Ethylbenzene 
Chloromethane 

1.3- Trans  Dichloropropene 

1.3- Cfs  Dichloropropene 


OTIS  AFB 

October  1,  2,  198-4 
8410-712-0040 
TP  16 

GC/MS  FRACTION 
VOLATILE  COMPOUNDS 


Units  of  Concentration  ug/L 

mg/L 

Other 


u^f/Kg 


NF 

NF 

NF 

NF 

NF 

NF 

NF  ” 
~NF 

NF 

NF 

l<x<  50 
NF 

NF 

’NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 


Methylene  Chloride 

1. 1.2. 2  Tetrachloroethane 
Tetrachl oroethyl ene 
Toluene 

1.2  Trans  Dichloroethylene 

1.1.2  Trichloroethane 
1,1,1  Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
Vinyl  Chloride 

.Other 

Acetone _ 

2-B itanone 


Detection  Limit:  50 


310 

NF 

NF 

NF... 

NF 

NF 
NF 
NF  ' 
NF 

NF 


l<x<50 

l<x<50 
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OTIS  AFB 


Data  of  Report:  30  November,  1984 


.jL\ 


pimple*  Collected:  1,2  October  1984 
8410-712/ 

,IPLE  DESCRIPTION:  Lab  Blank  11/9 


GC/MS  FRACTION 
VOLATILE  COMPOUNDS 


4 


Units  of  Concentration  ug/t 


mg/L _ 

Other  u?A9 


I  '.roleln 

NF 

_  Methylene  Chloride 

:rylon1tri1e 

NF 

_  1,1,2, 2  Tetrachloroethane 

inzene 

NF 

_  Tetrachloroethylene 

roraome  thane 

NF 

_  Toluene 

•omoform 

NF 

1,2  Trans'  Dichloroethylene 

irbon  Tetrachloride 

NF 

_  1,1,2  Trichlo roe thane 

ilorobenzene 

NF 

1,1,1  Trichloroethane 

ilorodlbromomethane  • 

NF 

_  Trichloroethylene 

'll  o  roe  thane 

NF 

_  Trl chi orofl uorome thane 

~-Ch1oroethy1 vinyl  Ether 

NF 

Vinyl  Chloride 

:lorofonn 

NF 

_  .Other 

S chi orobromome thane 

NF 

> i ch 1 orod i  f 1  uorome thane 

NF 

1,1  Dlchloroethane 

NF 

;,2  Dlchloroethane 

NF 

l.l  Diehl orcethylene 

NF 

1,2  Oichloropropane 

NF 

_  Detection  Limit: 

£ thy 1 benzene 

NF 

Chi orome thane 

NF 

1 , 3-Trans  Diehl oroproptne 

NF 

1,3-Cls  Diehl oropropene 

NF 

inter-office  memorandum 

TO:  Dick  Kraybill  DATE:  30  November  1984 

cc:  Les  Eng 

Earl  Hansen 


FROM:  J.  A.  Porta 


SUBJECT:  INTERIM  REPORT 

OTIS  AIR  FORCE  BASE 


W.  O.  No.:  0628-09-28 


Date  Samples  Collected:  October  1984 


R.F.W.  NO. 

CLIENT  I.D. 

PHENOLICS 

LEAD  (Pb) 

UNITS 

8410-712-0010 

TP-1 

<0.2 

<12.5* 

u  g/g 

-0020 

TP-9 

<0.2 

28 

ug/g 

-0030 

TP- 14 

0.2 

38.6 

u  g/g 

-0040 

TP-16 

0.3 

30.9 

ug/g 

-0050 

TP-3A 

0.3 

25.6 

ug/g 

-0060 

TP-6A 

0.4 

24 

ug/g 

-0070 

TP-7A 

0.5 

532 

ug/g 

-0080 

TP-8A 

0.2 

27 

ug/g 

* It  . appears  this,  sample  does  not  meet, required  detection  limits. 
Please  call  Les  Eng-  for  confirmation. 


JAP : bwm 


RFW:  2-74-39 
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DATES  OF  ANALYLSES  OF  SAMPLES 
COLLECTED  OCTOBER  &  NOVEMBER  1984 


R  F.W.  NO 

Parameter 

Date  of  Analyses 

8402-851-0010 

0/  G 

2/20/84 

TOX 

3/20/84 

Pb 

3/20/84 

TOC 

3/23/84 

8410-712-0010 

VOA 

11/19/84 

to  0040 

8410-712-0010 

Phenol ics 

10/26/84 

to  0080 

Pb 

10/17/84 

Total  Fuel  Hydro¬ 
carbons 

1/10  to  1/15/85 

8411-829-0010 

Hardness 

12/26/84 

to  0040 

Fe 

11/27/84 

and  0130 

SV 

No  Record 

Cl“ 

No  Record 

N03-N 

No  Record 

TKN 

11/21/84 

nh3-n 

12/3/84 

8411-829-0010 

Phenolics 

11/21/84 

to  0130 

8411-829-0080 

.  Pb. ...  . 

LI/ 2 7/ 84 

to  0130 

8411-829-0010 

O/G 

1/18/85 

to  0070,0130 

8411-829-0080 

Total  Fuel  Hydro¬ 

1/10  to  1/15/85 

to  0120 

carbon 

8412-992-0010 

I?  Scan 

1/28/85 

to  0070 
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Date  of  Final  Report:  March  6 


n 


OTIS  A.N.G.B. 

SUMMARY  REPORT 

FOR  TUPLES  RECEIVED  DECEMBER  8.  1933 
W.O.  NO.  0628-05-28 


,  1984 


R.F.W.  NO. 


CLIENT  I.D. 


OIL  &  GREASE 
uq/q 


TOX 

uq/g 


TOTAL  LEAD 
mg/ Kg 


DATA  SUMMARY  FOR: 


OTIS  AFB 


DATE  COLLECTED: 

7-9  February 

1984 

RFW  SAMPLE  NO: 

822-0010 

822-0020 

822-0030 

822-0040 

SAMPLE  DESCRIPTION: 

MW-1 

MW-1  D 

MW-2A 

MW-3A 

ANALYSIS: 

Oil/Grease,  mg/L 

1.03 

2.85 

0.15 

2.00 

Pesticides,  mg/L 

NF 

NF 

NF 

NF 

Ni ,  mg/L 

NF 

NF 

NF 

NF 

As,  mg/L 

NF 

NF 

NF 

NF 

Pb,  mg/L 

NF 

NF 

NF 

NF 

Cr,  mg/L 

NF 

NF 

NF 

NF 

Cd,  mg/L 

NF 

NF 

NF 

NF 

Cu,  mg/L 

0.08 

0.10 

NF 

0.04 

Fe,  mg/L 

67.8 

63.3 

NF 

NF 

Cyanide,  mg/L 

NF 

NF 

NF 

NF 

TOX,  ug/L 

16.4 

15.0 

29.4 

15.2 

TOC,  mg/L 

57.2 

57.3 

59.7 

31.2 

PCB ,  ug/L 

NF 

NF 

NF 

NF 

Phenol ,  mg/L 

NF 

NF 

NF 

NF 
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DATA  SUMMARY  FOR: 

RFW  SAMPLE  NO: 

SAMPLE  DESCRIPTION: 

ANALYSIS: 

0 i 1/Grease,  mg/L 
Pesticides,  mg/L 


Ni, 

mg/L 

As, 

mg/L 

Pb, 

mg/L 

Cr, 

mg/L 

Cd, 

mg/L 

Cu, 

mg/L 

Fe, 

mg/L 

Cyanide,  mg/L 

TOX,  ug/L 
TOC,  mg/L 
PCB ,  ug/L 


Phenol ,  mg/L 

RFW  SAMPLE  NO: 
SAMPLE  DESCRIPTION: 
ANALYSIS: 
Oil/Grease,  mg/L 
Pb,  mg/L 
TOX,  ug/L 
TOC,  mg/L 
PCB,  ug/L 


OTIS  AFB 

Samples 

Collected  7-9  February  1984 

822-0050 

822-0060  822-0070 

822-0080 

MW-4 

MW-B 

Well  5 

Well  5D 

0.24 

0.23 

2.29 

1.70 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

0.C4 

0.04 

NF 

NF 

NF 

NF 

7.6 

NF 

209.2 

200.2 

14.7 

6.82 

18.5 

18.4 

NF 

NF 

NF 

NF 

NF 

NF 

822-0090 

.  822-0100 

MW-6 

Well  7 

0.26 

2.09 

NF 

NF 

NF 

NF 

7.8 

18.2 

NF 
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DATA  SUMMARY  FOR:  OTIS  AFB 


DETECTION  LIMITS 
Pesti  ci  des 

Toxaphene  =  0.0048  mg/L 
Lindane  =  0.00028  mg/L 
Endrin  =  0.00040  mg/L 
Methoxychlor  =  0.0013  mg/L 

Ni  =  0.1  mg/L 
As  =  0.010  mg/L 
Pb  =  0.010  mg/L 
Cr  =  0.05  mg/L 
Cd  =  0.010  mg/L 
Cu  =  0.03  mg/L 
Fe  =  0.05  mg/L 

Cyan i de  =  0.03  mg/L 

T0X  =  5  ug/L 

TOC  =  1  mg/L 

PCB  =  1.0  ug/L 

Phenol  =  0.005  mg/L 


DATA  SUMMARY  FOR: 


OTIS  AFB 


DATE  COLLECTED: 


7-9  February  1984 


SAMPLE 

RFW  SAMPLE  NO.  DESCRIPTION  2,4d  ug/L  *  2,4,5TP  ug/L*  2,4, 5T 


802-0010 

MW- 1 

<  50 

<  10 

<  10 

802-0020 

MW-1D 

<  5 

<  1 

<  1 

802-0030 

MW-2A 

<50 

C  10 

<10 

802-0040 

MW-3A 

<  5 

V  1 

<  1 

802-0050 

MW -4 

<  5 

<  1 

<  1 

802-0060 

MW-B 

<  5 

<  1 

*  There  are 

different  detection 

limits  due  to  different 

sample  volumes. 
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DATA  SUMMARY  FOR: 


OTIS  AFB 


RFW  SAMPLE  NO: 
SAMPLE  DESCRIPTION: 
ANALYSIS: 
Oil/Grease,  mg/L 
TOX,  ug/L 
Pb,  ug/L 
TOC,  mg/L 


851-0010 
Sludge  Water 


0.92 

175 

19.5 

14.4 


DATA  SUMMARY  FOR 


OTIS  AFB 


RFW  SAMPLE  NO:  822-0120 

SAMPLE  DESCRIPTION:  Sludge 

ANALYSIS: 

Oil/Grease  (wet  Basis),  ug/g  43,800 

TOX,  ug/g  42.88 

Pb,  mg/kg  333 
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DATES  OB'  ANALYLSES  OF  SAMPLES 


COLLECTED  FEBRUARY  1984 


R  F.W.  No 

Parameter 

Date  of  Analyses 

822-0010  to 

Oil  and  Grease 

3/5/84 

0100 

TOX 

3/21/84 

Phenol 

3/2/84 

822-0010  to 

Pesticide/PCB 

3/2/84 

0060 

Cyanide 

3/22/84 

Metals 

3/6/84  to 

4/23/84 

Phenol 

3/2/84 

822-0120 

Oil  and  Grease 

3/5/84 

TOX 

3/21/84 

Pb 

3/15/84 

851-0010 

Oil  and  Grease 

2/20/84 

TOX 

3/20/84 

Pb 

8/24/84 

TOC 

3/23/84 
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Officer 
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inter -office  memorandum 

TQ.  Dick  Kraybill 

ccj  Carter  Nulton 
Lea  Eng 
Earl  Hansen 


DATE:  29  January  1985 


FROM:  Judy  Porta 

SUBJECT:  ADD’N  INFORMATION  W  O  No  :  0628-03-28-00 

OTIS  A.N.G.  BASE 


My  apologies  for  not  identifying  the  R.F.W.  Nos.  in  Carter  Nulton' s 
memo  of  28  January  1985.  R.F.W.  No.  8412-992-0010  is  your  S-l 
(Header  #12)  and  R.F.W.  No.  8412-992-0020  is  your  s-2  (Header  #7). 
R.F.W.  No.  8412-992-0030  is  AX  Gat;  -0040  is  MO  Gas;  -0050  is  J?-4; 
-0060  is  Diese-1  Fuel;  and  -0070  is  Heating  Fuel. 

The  lead  results  are  as  follows: 

R.F.W.  NO. _ SAMPLE  DESCRIPTION _ TOTAL  Pb,  mg/L 

8412-992-0010  Header  #12 

8412-992-0020  Header  #7 

*Ken  is  re-running  this  sample  today  on  the  AA  Furnace  to  achieve  a 
lower  detection  limit*  ......... 

Also,  Carter  will  have  the  B/N/A  results  by  tomorrow  or  Thursday.  They 
were  scheduled  for  analysis  all  along. 

Les  Eng  has  not  given  me  a  definite  date  as  to  when  the  petroleum  hydro 
carbon  oil  and  grease  will  be  completed;  however,  he  is  in  the  process 
of  determining  them-  As  soon  as  these  results  are  ready,  I  will  tele¬ 
copy  them  to  you. 


29.00 

<0.50* 


JAP  jbwm 
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inter  -  of  f  ice  memorandum 

JO:  Dick  Kraybill 

cc:  Rich  Johnson  (memo  only) 
Les  Eng  (memo  only) 


DATE:  31  January  1985 


FROM:  Earl  M. 


SUBJECT:  ACID/ BASE/NEUTRAL  GC/MS  FRACTIONS  & 
LEAD  RE-ANALYSIS 
SUMMARY  REPORT 
OTIS  A.N.G.B. 


W.  O.  No.:  0628-03-28-00 


The  attached  are  the  results  of  analysis  by  EPA  Method  625  for  two  samples 
submitted  by  you  for  the  above-referenced  client.  Spike  recovery  information 
is  also  attached.  The  EPA  recommended  holding  time  of  7  days  between  date  of 
collection  and  date  of  extraction  for  sample  #8412-992-0010  was  exceeded  by 
6  days  due  to  the  holiday  season.  The  recommended  holding  time  of  40  days 
between  extraction  and  analysis  was  not  exceeded.  Sample  #8412-992-0020  was 
not  extracted  because  of  the  nature  of  the  sample.  Sample  #8412-992-0020 
was  re-analyzed  for  lead  on  the  AA  furnace  and  a  concentration  of  36.5  pg/L 
was  found. 

As  of  this  date  I  have  not  received  any  data  on  the  petroleum  hydrocarbon  oil 
and  grease  analysis.  As  soon  as  these  are  completed,  I  will  forward  the  re¬ 
sults  to  you. 


EMH: bwm 
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APPENDIX  J 


FEDERAL  AND  STATE  DRINKING  WATER 
AND  HUMAN  HEALTH  STANDARPS 


APPLICABLE  IN  THE  STATE  OF  MASSACHUSETTS 


GLHDE  TO  GROUND-WATER  STANDARDS 
- OF  THE  UNITED  STATES 


API  PUBLICATION  4366 


JULY  1983 


Prepared  by 

Ecological  Analysts,  Inc. 
15  Loveton  Circle 
Sparks,  Maryland  21152 


3.  FEDERAL  PROTECTION  OF  GROUND-WATEP  QUALITY 

The  federal  programs  dealing  with  the  protection  of  ground-water  quality  are  administered  largely  by  the 
Environmental  Protection  Agency  (EPA  The  federal  programs  which  provide  the  framework  for  state  regilations 
are  summarized  in  this  section 

3.1  GROUND-WATER  PROTECTION  POLICY 

At  this  writing.  February  1983.  US  EPAs  final  policy  on  ground-water  protection,  scheduled  for  September  1982 
release,  has  not  been  published.  Based  on  the  proposed  strategy  published  by  EPA  in  November  1980  and  recent 
press  releases,  it  appears  that  EPA  will  be  implementing  a  policy  that  would  give  the  states  lead  responsibility  in 
the  protection  of  ground-water  quality  EPAs  efforts  apparently  will  be  focused  in  three  mayor  areas 

1.  Development  of  an  internally  consistent  federal  approach  to  ground-wster  protection 

2.  Monitonng.  research  and  development  efforts  directed  toward  more  comprehensive  problem  definition  and 
new  detection,  controls,  and  clean-up  technology  development 

3.  Guidance,  coordination,  and  assistance  to  states  in  the  development  of  s*ate  policies 

A  significant  component  of  EPAs  policy  is  expected  to  be  a  ground-water  classrtication  system  which  could  be 
used  to  determine  the  degree  of  protection  needed  for  various  types  of  ground  water  Ground-water  classification 
is  discussed  in  Chapter  4. 

3.2  CLEAN  WATER  ACT 

This  statute  refers  to  ground-water  protection  in  municipal  waste  water  treatment,  planning  and  research,  programs 
Its  principal  regulatory  programs,  however,  focus  on  surface  water  Section  303  empowers  EPA  to  approve  states 
water  quairty  standards  which  are  based  on  the  states'  classification  of  nvers  and  streams  Many  states  have  included 
ground  water  in  their  definition  o'  “waters  of  the  state*  for  purposes  of  this  act  (state  summaries)  On  this  basis  the 
National  (state)  Pollutant  Discharge  Elimination  System  (NPDES  SPDES)  permitting  process  may  be  invocabie  tor 
purposes  of  ground-water  protection.  In  addition  the  act  empowers  EPA  to 

1.  Develop  a  comprehensive  program  for  ground-water  pollution  control  [Section  102(a)] 

2.  In  cooperation  with  states,  equip  and  maintain  a  surveillance  system  for  monitonng  ground-water  quairty 
[Section  104(a)(5)] 

3  Provide  grants  to  states  and  area-wide  agencies  to  develop  ground-water  quality  management  plans  to 
identity  salt  water  intrusion  and  control  disposal  of  pollutants  in  subsurface  excavations,  and  control 
disposition  of  wastes.  (May  include  authonty  tor  comprehensive  ground-water  management  plans, 
including  conjunctive  use  with  surface  water)  [Section  102(c).  208(b)] 

4.  Require  development  of  Best  Management  Practices  (BMP)  to  control  nonpoint  source  pollution  problem 
to  ground-water  quality  [Section  208(b)] 

5.  Develop  critena  for  ground-water  quality  considenng  kind  and  extent  of  eflects  on  healtn  and  weHane  from 
the  presence  of  pollutants  [Section  304(a)] 

6.  Determine  information  necessary  to  restore  and  maintain  chemical,  physical,  and  biological  integrity  of 
ground  water  [Section  304(a)] 

7.  Issue  information  on  the  factors  necessary  to  restore  and  maintain  chemical,  physical,  and  biological 
integnty  of  ground  water  [Secitons  304(a)(2)] 

3.3  SAFE  DRINKING  WATER  ACT 

This  statute  authorizes  EPA  to  set  maximum  contaminant  levels  (MCLs)  and  monitoring  requirements  for  public 
wate'  systems  and  provides  tor  the  protection  of  underground  sources  of  drinking  water  The  MCLs  regulate  the 
quality  o*  "finished’  water,  i.e..  water  as  oeiive  ed.  net  Iht  quality  o'-  ths  -cu'rc  water  As  discussed  below  the 
MCLs  have  been  utilized  by  EPA  and  the  states  as  the  basis  lor  other  regulations  dealing  with  ground -wate- 
quality  and  protection 
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3.3.1  National  Interim  Primary  Dnnking  Water  Regulations 

EPA  initiated  a  detailed  study  of  the  health  effects  of  vanous  contaminants  in  water  soon  afler  the  Safe  Dnr 
Act  (SDWA)  was  signed  into  law.  So  that  the  regulations  could  include  the  findings  of  this  and  other  studies 
primary  drinking  water  regulations  were  to  be  developed  in  two  stages:  an  intenm  version  and  a  final  version 
intenm  version  of  the  regulation  became  effective  24  June  1977.  SDWA  provides  for  delegation  of  authority  to 
states.  State  Primary  Orinking  Water  Regulations  must  be  at  least  as  stringent  as  the  federal  regulations 

The  National  Interim  Primary  Drinking  Water  Regulations  define  Maximum  Contaminant  Level  as  the  ma. 
permissible  level  of  a  contaminant  in  water  which  is  delivered  to  the  free-flowing  outlet  of  the  ultimate  use- 
public  water  system,  except  in  the  case  of  turbidity  (applicable  to  surface  water  only)  where  the  ma. 
permissible  level  is  measured  at  the  point  of  entry  to  the  distribution  system.  The  MCLs  are  provided  with 
summanes. 

3.3.2  National  Secondary  Drinking  Water  Regulations 

These  regulations  control  contaminants  in  drinking  water  that  primarily  affect  the  aesthetic  qualities  reiariy: 
public  acceptance  of  drinking  water.  At  considerably  higher  concentrations  of  these  contaminants  r 
implications  may  also  exist  as  well  as  aesthetic  degradation.  The  National  Secondary  Dnnking  Water  Re;- 
are  not  federally  enforceable  but  are  intended  as  guidelines  for  the  states. 

Secondary  Maximum  Contaminant  Levels  (SMCLs)  are  defined  as  the  maximum  permissiDle  levs 
contaminant  in  water  which  is  delivered  to  the  free-flowing  outlet  of  the  ultimate  user  of  a  public  wate'  sy 
Federal  and  state  SMCLs  are  provided  in  the  state  summaries.  The  states  may  establish  higher  or  low 
which  may  be  appropriate  depending  upon  local  conditions  such  as  unavailability  of  alternate  sources  o'  w 
other  compelling  factors,  provided  the  public  health  and  welfare  are  not  adversely  affected 

3.3.3  Sole  Source  Aquifer 


The  Sole  Source  Aquifer  provisions  Of  SDWA  allow  EPA  to  designate  an  aquifer  as  the  sole  source  of  c~ 
water  tor  an  area  thereby  guaranteeing  protection  from  contamination  by  federally  assisted  activities 
regional,  or  state  agencies  can  petition  EPA  tor  sole  source  designation.  The  EPA  Administrator  may  design 
aquifer  which  is  a  sole  or  pnneipat  drinking  water  source  if  its  contamination  would  create  a  significant  ha; 
public  health.  If  the  designation  is  made,  no  federal  money  or  financial  commitment  may  be  made  for  an  ,  ; 
which  the  Administrator  determines  may  contaminate  the  designated  aquifer  through  its  recharge  zone 
At  this  writing.  February  1983.  EPA  has  designated  the  following  ten  sole  source  aquifers: 


Biscayne  Aquifer  -  Florida 
Buried  Valley  Aquifer  -  New  Jersey 
Edwards  Aquifer  -  Texas 

Camano  Island — Whidbey  Island  Aquifer  •  Washington 
Spokane-Rathdrum  Aquifer  -  Washington  and  Idaho 
The  following  eighteen  are  under  consideration: 


Nassau  and  Suffolk  counties  -  New  Yorn 

Cape  Cod  -  Massachusetts 

Fresno  -  California 

Ten  Mile  Creek  *  Maryland 

Northern  Guam  Lens  -  Guam 


An2ona 

Santa  Cruz,  Upper  Santa  Cruz,  Aura-Altar  Basins 

California 
Scotts  Valley 


New  York 

Kings  and  Queens  counties 

Sardinia 

Schenectady 

Vestal 


Delaware 

New  Castle  County 
Flonda 

Volusia  -  Flondan  Aquifer 
iaaho 

Snake  River  Plain 


Pennsylvania 
Seven  Valleys 

Texas 

Carrizo-Wilcox  Aquifer 

Texas  and  New  Mexico 
Delaware  Basin 


Louisiana 
Baton  Rouge 
DeSota  Parish 


Wisconsin 
Niagara  Aquifer 


New  Jersey 
Coastal  Plain 
Ridgewood 
Upper  Rockaway 


3.3  4  Underground  Injection  Control 

The  Underground  Injection  Control  (UIC)  pregram  regulates  the  uses  of  underground  injection  wells  to  protect  an 
underground  source  of  drinking  water  (USDW).  USDW  means  an  aquifer  or  its  portion  which 

1.  supplies  any  public  water  system  or  contains  a  sufficient  quantity  of  ground  water  to  supply  a  public  water 
system; 

2.  currently  supplies  drinking  water  for  human  consumption  or  contains  less  than  10,000  mg/lite-  total 
dissolved  solids;  and 

3.  cs  not  an  exempted  aquifer  (40  CFR  146. CV  provides  critena  for  exemption) 

SDWA  requires  any  slate  designated  by  EPA  as  requiring  a  UtC  program  to  develop  and  submit  a  state  UIC 
program  lor  EPA  approval.  EPA  has  designated  each  of  the  fifty  states 

The  federal  program  classifies  injection  wells  as  follows: 

Class  I — Wells  used  to  inject  hazardous  waste,  or  other  industrial  and  municipal  disposal  wells  which  inject 
fluids  beneath  the  tower-most  formation  containing  a  USDW  within  one-quarter  mile  of  the  well  bore 

Class  II— Wells  that  inject  fluids 

1 .  which  are  brought  to  the  surface  as  part  of  conventional  oil  or  natural  gas  production  and  may  be  mixed 
with  production  waste  waters  from  gas  plants,  unless  those  waters  are  classified  as  a  hazardous  waste  at 
the  time  of  injection; 

2.  for  enhanced  recovery  of  oil  or  natural  gas,  and 

3.  tor  storage  of  hydrocarbons  which  are  liquid  at  standard  temperature  and  pressure 
Class  III— Wells  that  inject  for  extraction  of  minerals  including 

1.  mining  of  sulfur  by  the  Frasch  process; 

2.  in  situ  production  of  uranium  or  other  metals.  This  category  includes  only  in  situ  production  from  ore 
bodies  which  have  not  been  conventionally  mined.  Solution  mining  of  conventional  mines  such  as  slopes 
leaching  is  included  in  Class  V;  and 

3  solution  mining  of  salts  or  potash. 

Class  IV — Wells  used  to  dispose  of  hazardous  or  radioactive  waste  into  or  above  a  formation  which  contains  a 
USDW  within  one-quarter  mile  of  the  well.  Also,  wehs  used  to  inject  hazardous  waste  that  cannot  be  classified 
as  Class  I  or  Class  IV  under  the  above  critena  are  Class  IV  wells. 

Class  V — All  other  injection  wells  (40  CFR  146.05(e)  and  146.51  provide. specific  nformation  and  exemptions) 

Underground  injection  is  controlled  through  the  permitting  process  Construction,  operation,  monrtonng  and 
reporting  activities  are  controlled.  Individual  state  programs  are  based  upon,  and  must  be  essentially  equivalent 
to,  the  federal  criteria  and  standards  (40  CFR  146). 

3.4  TOXIC  SUBSTANCE  CONTROL  ACT 

This  statute  (TSCA)  authorizes  EPA  to  restrict  or  prohibit  the  manufacture,  distribution,  and  use  of  products  which 
may  resutt  in  unreasonable  nsk  to  health  and  the  environment.  Although  ground  water  is  not  specifically  named  in 
the  Act  EPA  has  taken  the  position  that  the  protection  of  health  and  the  environment  includes  the  protection  ot 
ground  water 

3.5  FEDERAL  INSECTICIDE,  FUNGICIDE,  RODENTICIDE  ACT 

This  statute  (FIFRA)  gives  EPA  the  responsibility  to  control  the  sale  end  use  of  all  pesticides  to  prevent 
unreasonable  adverse  environments  and  health  ettects  The  use  and  disposa'  of  pesticide  packages  ana 
containers  is  also  regulated  In  deciding  whethe'  to  register,  cancel,  suspend,  or  change  the  classification  of  a 
pesticide.  EPA  considers  a  broad  range  of  environmental  impacts  including  those  affecting  ground  water. 
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3.6  RESOURCE  CONSERVATION  AND  RECOVERY  ACT 

The  Solid  Waste  Disposal  Act  and  the  Resource  Recovery  Act  of  1970,  as  amended  by  the  Resource- 
Conservation  and  Recovery  Act  of  1976  (RCRA),  require  EPA  to  establish  a  national  program  to  regulate  the 
management  of  waste  materials. 


3.6.1  Solid  Waste 

Subtitle  D  of  RCRA  established  a  broad-based  national  program  to  improve  solid  waste  management  through  tr ; 
development  of  state  and  regional  solid  waste  management  plans  The  act  offered  federal  financial  assistance 
states  interested  in  developing  and  implementing  a  solid  waste  management  plan.  The  state  olans.  under  fede-- 
guidelines,  identify  respective  responsibilities  of  local,  state,  and  regional  authonties,  and  encourage  resourc 
recovery  and  conservations  and  the  application  and  enforcement  of  environmentally  sound  disposal  practice; 

A  major  element  of  the  Subtitle  D  program  is  the  open  dump  inventory.  Section  4005  of  RCRA  prohibits  oper 
dumping.  Federal  critena  for  classifying  solid  waste  management  facilities  are  provided  in  40  CFR  257.  Er 
cannot  approve  a  state  solid  waste  management  program  with  less  stringent  entena  Solid  waste  managemer 
facilities  failing  to  satisfy  the  entena  are  considered  open  dumps.  In  order  to  satisfy  these  entena.  a  facility  c- 
practice  (in  addition  to  other  environmental  considerations)  shall  not  contaminate  an  underground  dnnkrng  wa:_- 
source  beyond  the  solid  waste  boundary  or  beyond  an  alternative  boundary  established  by  the  state  or  in  col' 
persuant  to  the  stipulations  of  AO  CFR  257.3-4.  The  federal  entena  define  contamination  as  an  exceedence  cf  tr  - 
MCLs  provided  in  the  National  Interim  Primary  Dnnking  Water  Regulations  or  an  increase  in  concentration  of  ar 
parameter  for  which  the  ambient  concentration  exceed  the  MCL. 


3.6.2  Hazardous  Waste 

EPA  has  issued  a  series  of  hazardous  waste  regulations  under  Subtitle  C  of  RCRA  (40  CFR  260  to  267  and  122  . 
124).  On  19  May  1980,  EPA  issued  a  comprehensive  set  of  standards  for  generators  and  transporters  c 
hazardous  waste  and  ‘interim  status"  standards  for  facilities  in  existence  on  19  November  1980,  that  treat,  stem 
or  dispose  of  hazardous  waste.  Such  facilities  were  allowed  to  operate  under  intenm  status  until  they  received  ar 
RCRA  permit  Subsequently.  EPA  issued  standards  for  granting  RCRA  permits  to  treatment  and  storage  facilities 
Standards  for  land  disposal  facilities  were  issued  on  26  July  1982 — virtually  completing  the  program  fc 
controlling  hazardous  waste  under  RCRA. 

The  standards  for  permitting  land  disposal  facilities  were  issued  after  a  wide  range  of  regulatory  options  w-- 
considened  Over  a  period  of  several  years,  EPA  proposed  two  different  sets  of  land  disposal  standards  =  - 
solicited  comments  on  vanous  issues.  On  13  February  1981,  EPA  issued  temporary  standards  tor  new  lar 
disposal  facilities.  The  26  July  regulations  replace  those  temporary  standards  except  for  Class  I  undergrour. 
injection  wells.  These  will  remain  subject  to  the  temporary  standards  until  final  standards  are  issued 

The  regulations  consist  pnmarily  of  two  complementary  sets  of  performance  standards 

1.  A  set  of  design  and  operating  standards  tailored  to  each  of  four  types  ot  facilities 

2.  Ground-water  monitonng  and  response  regulations  applicable  to  all  land  disposal  facilities 
The  design  and  operating  standards  implement  a  liquids  management  strategy  that  has  two  goals 

1 .  Minimize  leachate  generated  at  the  facility 

2.  Remove  leachate  generated  to  minimize  its  chance  of  reaching  ground  water 
The  major  requirements  include 

1 .  Uner 

•  Requirement:  design  to  prevent  migration  of  waste  out  of  the  facility  dunng  its  active  life 

•  Applicability:  landfills,  surface  impoundments,  and  waste  piles 

2  Leachate  collection  and  removal 

•  Requirement  collect  and  remove  leachate  from  the  facility  and  ensure  that  leachate  depth  over  the  line- 
does  not  exceed  30  centimeters  (1  foot) 

•  Applicability,  landfills  and  waste  piles 
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3  Run-on  and  runoff  control  systems 

•  Requirement,  design  tc  control  flow  during  at  least  25-year  storm 

•  Applicability:  landfills,  waste  piles,  land  treatment 

4  Wind  dispersal  controls 

•  Requirement,  cover  waste  or  otherwise  manage  unit  to  control  wind  tiispe'sa' 

•  Applicability,  landfills,  waste  piles,  ana  land  treatment  units  'hat  contain  particulate  matter 

5  Overtopping  controls 

•  Requirement  prevent  overtopping  or  overfilling 

•  Applicability:  surface  impoundments 

6  Disposal  unit  closure 

•  Requirement:  final  cove-  (cap)  over  waste  unit  designed  to  minimize  infiltration  of  precipitation 

•  Applicability,  landfills  and  surface  impoundments  (if  used  tor  disposal) 

7.  Storage  unit  closure 

•  Requirement,  remove  waste  and  decontaminate 

•  Applicability:  surface  impoundments  used  for  treatment  or  storage  and  waste  piles 

8  Postclosure  Care 

•  Maintain  effectiveness  of  final  cover 

•  Operate  leachate  collection  and  removal  system 

•  Maintain  ground-water  monitoring  system  (and  leak  detection  system  where  double  liner  is  used) 

•  Continue  30  years  after  closure 

The  goal  of  the  ground-water  monitonng  and  response  program  is  to  detect  and  con-ect  any  ground-water 
contamination.  There  are  four  main  elements: 

1 .  A  detection  monitoring  program  v  hi ch  requires  the  permittee  to  install  a  system  to  monitor  ground  water  in 
the  uppermost  aquifer  to  determine  if  a  leachate  plume  has  reached  the  edge  of  the  waste  management 
area 

2  A  ground-water  protection  standard  is  se:  when  a  hazardous  constituent  is  detected  The  standard 
specifies  concentration  limits,  compliance  point,  and  compliance  penod 

3  A  compliance  monitonng  program  determines  if  the  facility  is  complying  with  rts  ground-water  protection 
standard 

4  Corrective  action  is  required  when  the  ground-wate'  protection  standard  is  violated  The  permittee  must 
either  remove  the  contamination  or  treat  it  in  place  to  restore  ground-water  quality 

Until  hazardous  waste  management  facilities  are  issued  permits,  existing  facilities  win  continue  to  t  perate  under 
interim  status  standards’  Facilities  Operating  under  interim  status  will  be  required  to  file  Pan  B  applications  for  final 
permits 

Under  Subtitle  C  of  RCFIA.  EPA  approves  state  hazardous  waste  management  programs  in  two  phases  Phase  I 
authonzation  gives  states  the  right  to  control  transportation  and  generation  of  hazardous  wastes  within  their 
borders  and  to  regulate  existing  treatment,  storage,  and  disposal  facilities  Phase  I1  authorization  includes  the 
permitting  of  new  tacilrties 

3.7  COMPREHENSIVE  ENVIRONMENTAL  RESPONSE,  COMPENSATION,  AND  LIABILITY  ACT 

This  statute  (CERCLA).  commonly  refened  to  as  Supelund.  authorizes  EPA  to  respond  to  releases  or  threatened 
releases  into  the  environment,  including  ground  water,  of  any  hazardous  substance  which  may  present  an 
imminent  and  substantia'  danger  to  public  health  The  act  provides  funds  for  emergency  action  and  has  cos! 
recovery  provisions 
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Classification-Ground  water  is  included  in  the  definition  of  “Waters  of  the  Commonwealth"  as  found  in  the 
Massachusetts  Clean  Waters  Act.  No  ground-water  classification  system  is  currently  in  effect.  The  Water 
Resources  Commission  is  investigating  such  a  system  as  part  of  a  statewide  Ground-Water  Management  Plan. 

Quality  Standards-There  are  no  ground-water  standards  in  effect  at  the  present;  they  are  under  consideration  as 
part  of  a  classification  system. 

Drinking  Water  Standards-The  Department  of  Environmental  Quality  Engineering  has  adopted  the  federal 
primary  and  secondary  drinking  water  standards. 

Appropriation-The  Common  Law  system  governs  ground-water  allocations  in  Massachusetts.  There  are  no 
permit  requirements  or  limits  on  the  amounts  withdrawn  by  any  user.  A  permit  system  is  under  consideration, 
however,  for  the  purpose  of  management  and  protection  of  ground-water  resources. 

Controlled  Use  Areas-There  are  none  at  the  present. 

Well  Construction-Public  supply  wells  must  be  constructed  according  to  standards  of  the  Department  of 
Environmental  Quality  Engineering. 

Underground  injection  Control-Massachusefts  has  developed  a  state  UIC  program  that  has  been  submitted  for 
EPA  approval.  The  Department  of  Environmental  Quality  Engineenng  will  be  the  lead  agency  in  the  program.  All 
injection  wells  except  for  Class  V  wells  will  not  be  permitted. 

Waste  Management  Facillties-The  solid  and  hazardous  waste  management  programs  are  administered  by  the 
Department  of  Environmental  Quality  Engineering. 

Solid  Waste-The  Massachusetts  Solid  Waste  Regulations  do  not  state  minimum  ground-water  monitoring 
requirements.  Permit  requirements  for  siting  and  operation  of  disposal  sites  are  such  as  to  prevent  ground¬ 
water  contamination.  Ground-water  monitoring  may  be  required  on  a  case-by-case  basis 

Hazardous  Waste-Massachusetts  has  received  interim  status  authority  for  RCRA  Phase  I  and  is  seeking 
Phase  II  authority.  The  Massachusetts  Hazardous  Waste  Regulations  have  incorporated  EPA  ground-water 
monitoring  requirements  (40  CFR  265  Subpart  F)  by  reference. 

Sole  Source  Aquifers-Cape  Cod  has  been  designated  as  such  by  EPA. 

Geological  Surveys- 
Division  of  Waterways 
Department  of  Environmental 
Quality  Engineering 
One  Winter  Street 
Boston,  MA  02114 
617-292-5690 
State  Geologist: 

Mr.  Joseph  A.  Sinnot 

Note:  New  England  District  Office  for  Massachusetts.  Marne.  New  Hampshire.  Rhode  Island,  and  Vermont. 

References- 

Massachusetts  Clean  Waters  Act  Massachusetts  Hazardous  Waste  Regulations 

(Mass.  Gen.  Laws,  Chap.  21.  Secs.  26-53)  (CMR,  Title  315,  Chap.  2) 

Massachusetts  Solid  Waste  Regulations 
(CMR,  Title  310,  Chap.  19) 

Contacts- 

Water  Pollution  Control  Division 
Department  of  Environmental 
Quality  Engineering 
One  Winter  Street 
8oston,  MA  02108 
617-292-5673 


Mr.  Emerson  Chandler 
Water  Resources  Commission 
Department  of  Environmental 
Management 
100  Cambridge  Street 
Boston,  MA  02202 
617-727-3170 


Water  Resources  Division 
U.S.  Geological  Survey 
150  Causeway  St..  Suite  1001 
Boston,  MA  02114 
617-223-2822 
District  Chief: 

I.C.  James  II 


No  comments  on  this  summary  were  received  from  the  Commonwealth  of  Massachusetts 
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Monitoring  Requirements  1 

Drinking  Water  Standards 

Parameter 

Solid 

Hazardous 

(mg/I  unless  noted) 

Federal 

State  Quality  Standards 

Waste 

Waste 

Arsenic 

0.05 

005 

M 

Barium 

1.0 

1.0 

M 

Cadmium 

0.010 

0.010 

M 

Chromium 

0.05 

0.05 

M 

Lead 

0.05 

0.05 

M 

Mercury 

'  0.002 

0.002 

M 

Selenium 

0.01 

0.01 

M 

Silver 

0.05 

0.05 

M 

FI  joride 

1. 4-2.4 

1. 4-2.4 

M 

Nitrate  (as  N) 

10.0 

10.0 

M 

Endrin 

0.0002 

0.0002 

M 

Lir.dane 

0.004 

0.004 

M 

Methoxychlor 

0.1 

0.1 

M 

Toxaphene 

0.005 

0.005 

M 

2 .4-0 

0.1 

0.1 

M 

2,4.5- TP  Silvex 

0.01 

0.01 

M  I 

Trihalonethanes 

0.1 

0.1 

Turbidity  (TU) 

1.0 

1.0 

Coliform  bacteria  — 

membrane  filter 

test  (#/100  ml) 

1.0 

1.0 

M 

Gross  alpha  (pCi/l) 

15.0 

15.0 

M 

Combined  Radium  226 

and  Radium  228 

5.0 

5.0 

M 

Beta  and  photon 

particle  activity 

(mremyr) 

4.0 

4.0 

M 

Sodium 

M 

M 

M 

Chloride 

250.0 

250.0 

M 

Color  (units) 

15.0 

15.0 

Copper.  • 

,  .  .  1.0 

1.0 

Corrosivity 

Noncorrosive 

Noncorrosive 

Foaming  agents 

0.5 

0.5 

Iron 

0.3 

0.3 

M 

Manganese 

0.05 

0.05 

M 

Odor  (threshold  no.) 

3.0 

3.0 

pH  (units) 

6. 5-8. 5 

6. 5-8. 5 

M 

Sulfate 

250.0 

250.0 

M 

Total  dissolved  solids 

500.0 

500.0 

Zinc 

5.0 

5.0 

Phenols 

M 

Specific  conductance 

M 

Total  organic  carbon 

M 

Total  organic  halogen 

M 

Note  "M"  denotes  monitoring  requirement.  See  Section  4.3 
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ENVIRONMENTAL  PROTECTION  AGENCY  NATIONAL 
INTERIM  PRIMARY  DRINKING  WATER  REGULATIONS 

(40  CFR  141;  40  FR  59565,  December  24,  1975;  Amen  Jed  by  41  FR  28402,  July 
9,  1976;  44  FR  68641,  November  29,  1979;  Corrected  by  45  FR  15542,  March  11, 
1980;  45  FR  57342.  August  27,  1980) 


Tillf  40 — Protection  of  Environment 
CHARTER  I-ENVIKONMKNTAL 
PROTECTION  ACENCV 

Sl'BCHAPTER  D-WATEH  PROGRAMS 

PART  141-NATIONAL  INTERIM 
PRIMARY  DRINKING  WATER 
REGULATIONS 


Subpart  A — Cencral 

Sec. 

141.1  Applicability. 

141.2  Definition*. 

141.3  Coverage. 

141.4  Variance*  and  exemption*. 

141.5  Siting  requirement*. 

141.6  Effective  date*. 


Subpart  B — Mniimin  Contaminant  Lrvel* 

141.11  Maiimum  contaminant  level*  for  in¬ 

organic  chemical* 

141.12  Maxirpum  contaminant  level*  for 

orcanic  chemicals 

141.13  Maximum  contaminant  levels  for 

turbidity. 

141.14  Maximum  microbiological  contami¬ 

nant  levels 

141.15  Maximum  contaminant  level*  for 

radium-226,  radium  228  and  gro«« 

alpha  particle  radioactivity  in  com 
munily  water  systems 

141  16  Maiimum  contaminant  Irveb  for  beta 
particle  and  photon  radioactivity 
from  man-made  radionuclides  in 
community  water  systems 


Subpart  C — Monitoring  and  Analytical 
Requirement* 

141.21  Microbiological  contaminant  sampling 

and  analytical  requirement* 

141.22  Turbidity  sampling  and  analytical 

requirement* 

141.23  Inorganic  chemical  aamplinr  and 

analytical  requirement* 

141  24  Organic  chemicals  other  than  total  Iri 
halome thanes,  sampling  and  analyti¬ 
cal  requirement* 

141.25  Analytical  Method*  for  Radioactivity. 

141.26  Monitoring  Frequency  for  Radioac¬ 

tivity  in  Community  Water  System*. 

141.27  Alternative  analytical  technique* 

141.28  Approved  laboratories. 

141.29  Monitoring  of  consecutive  public  water 

system* 


Subparl  D  —  Reporting  Public  Notification. 

and  Record-keeping 

141.31  Reporting  requirement* 

141.32  Public  notification  of  variance*.  e<- 

emption*.  and  non-compliance  with 
regulations 

141  33  Record  maintenance 


Subpart  E  — Special  Monitoring  R.-gulaticnt 
for  Organic  Chemical* 

141.40  Special  monitoring  for  organic  cbemi- 

cal. 

Authority;  Secs  1412.  1414.  1445.  and  1450 
of  the  Public  Health  Service  Act.  88  Stal.  1660 
(42  U.S.C  300g  1.  300g-3.  300j  4.  and  300j-9). 

Subpart  A — General 

§14  .1  Applicability. 

This  part  establishes  primary  drinking 
water  regulations  pursuant  to  section 
1412  of  the  Public  Health  Service  Act.  as 
amended  by  the  Safe  Drinking  Water 
Act  (Pub.  L.  93-523) ;  and  related  regula¬ 
tions  applicable  to  public  water  systems 

§141.2  Definition*. 

As  used  in  this  part,  the  term: 

(a)  “Act"  means  the  Puonc  Health 
Service  Act.  as  amended  by  the  Safe 
Drinking  Water  Act.  Pub.  L.  93-523. 

Ibi  "Contaminant''  means  any  physi¬ 
cal.  chemical,  biological,  or  radiological 
substance  or  matter  in  water. 

<c>  "Maximum  contaminant  level" 
means  the  maximum  permissible  level  ol 
a  contaminant  jn  water  which  is  de¬ 
livered  to  the  free  flowing  outlet  ot  the 
ultimate  user  ol  a  public  water  system, 
except  in  the  case  of  turbidity  where  the 
maximum  permissible  level  is  measured 
at  the  point  of  entry  to  the  distribution 
system.  Contaminants  added  to  the  water 
under  circumstances  controlled  by  the 
user,  except  those  resulting  from  corro¬ 
sion  of  piping  and  plumbing  caused  by 
water  quality,  ire  excluded  from  this 
definition. 

<dt  “Person"  means  an  individual, 
corporation,  company,  association,  part¬ 
nership,  State,  municipality,  or  Federal 
agency. 

(e)  “Public  water  system"  means  a 
system  for  the  provision  to  the  public 
of  piped  water  for  human  consumption, 
if  such  system  has  at  least  fifteen  service 
connections  or  regularly  serves  :n  aver¬ 
age  of  at  least  twenty-five  Individuals 
daily  at  least  60  days  out  of  the  year. 
Such  term  includes  (1)  any  collection, 
treatment,  storage,  and  distribution  fa¬ 
cilities  under  control  of  the  operator  ol 
such  system  and  used  primarily  in  con¬ 
nection  with  such  system,  and  (2)  any 
collection  or  pretreatment  storage  fami¬ 
lies  not  under  such  control  which  are 
u:cd  primarily  in  connection  with  such 
tv.-U-rn.  A  public  water  system  is  c.lher 


a  “community  water  system"  t 
community  water  system.” 

•  i»  "Community  water  syslt. 
a  public  water  system  which 
least  IS  service  connections  use  -i 
round  residents  or  regularly 
Itisl  25  year-round  residents 

tit)  "Non-community  watt-: 
means  a  public  water  system  . 
a  community  water  system. 

if)  “Sanitary  survey"  meac 
site  review  of  the  water  sou: 
fles.  equipment,  operation  and 
nance  of  a  public  water  sys tv- 
purpose  of  evaluating  the  aC 
suth  source,  facilities,  equ-p- 
era  Lion  and  maintenance  for 
and  distributing  sale  drinkinr 

(gi  "Standard  sample" 
aliquot  of  finished  drinking 
examined  for  the  presence  o'. 
b..ctena . 

(hr  ’State"  means  the  ape;. 
Stale  government  which  h;-.* 
tion  over  public  water  systems 
any  period  when  a  State  do-_- 
primary  enforcement  fe 
pursuant  to  Section  Mil  o'  : 
term  "State"  mca  is  the  R-. , 
mii.islrator.  U.S.  Fiivlronmci.t. 
tion  Agency. 

<’>  "Supplier  of  water"  n. 
person  who  owns  or  operates  . 
Water  system. 

(j )  “Dose  equivalent"  mean 
lict  of  the  absorbed  dose  frorr 
radiation  and  such  factor*  as  ac 
diff-rences  in  biological  effective 
to  the  type  of  radiation  and  it- 
tion  in  the  body  as  specified  )  > 
ternational  Commission  on  P.. 
Units  and  Measuri  mints  (1CKL' 

<k>  ''Rem”  means  the  unit 
equivalent  from  ionizing  radiatic 
total  body  or  any  internal  organ 
system.  A  "millirem  (mremf  i 
of  a  rem. 

(I)  "Picorurie  (pCi)”  mean*  1 1. . 
lity  of  radioactive  materia!  p: 
2.22  nuclear  transformations  p>  r 

(ml  "Gross  alpha  particle 
means  the  total  tadioac  ivit> 
alpha  particle  emiwion  a*  infitr 
measurements  on  a  dry  sample 

fn)  "Man  made  beta  particle  a 
ton  emitters”  nu-.u  all  rutin 
emitting  beta  particle*  and  or 
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lifted  in  Maximum  Permi»>-ibtt  B'hI\ 
Durdens  and  Maximum  Pctmivrible  Lon 
centrxtion  of  Radionuci.dei  in  Air  or 
Water  for  Occupational  Exposure.  NIJS 
Handbook  69.  except  the  daughter  prod¬ 
ucts  of  thorium-232,  uranium  235  and 
uranium-238. 

(o)  “Gross  beta  particle  activity" 
means  the  total  radioactivity  due  to  beta 
particle  emission  as  inferred  from  meas¬ 
urements  on  a  dry  sample. 

(41  FR  28402.  July  9. 1976) 

1141.2  (pMt)  added  by  44  FR  68641. 
November  29.  1979] 

(p)  “Halogen"  means  one  of  the  chtm- 
ical  elements  chlorine,  bromine  or  iodine. 

(q)  “Trihalomelhane"  (THM)  means 
one  of  the  family  of  organic  compounds, 
named  as  derivatives  of  methane, 
wherein  three  of  the  four  hydrogen 
atoms  in  methane  are  each  substituted 
by  a  halogen  ^lom  in  the  molecular 
structure. 

(r)  “Total  trihalomethanr  "  fTTliM) 
means  the  sum  of  the  concentration  in 
milligrams  per  liter  of  the 
trihalomethane  ompounds 
(trichloromethane  |ch!oroform], 
dibromochloromelhane. 
bromodichloromethane  and 
tribromomethane  [bromoform]).  rounded 
to  two  significant  figures. 

(s)  “Maximum  Total  Trihalomethane 
Potential  IMTP)”  means  the  maximum 
concentration  of  total  trihalomethanes 
produced  in  a  given  water  containing  a 
disinfectant  residual  after  7  days  at  a 
temperature  of  25’  C  or  above. 

(t)  “D  isinfectant"  means  any  oxidant, 
including  but  not  limited  to  chlorine, 
chlorine  dioxide,  chloramines,  and 
ozone  added  to  water  in  any  part  of  the 
treatment  or  distribution  process,  that  is 
intended  to  kill  or  inactivate  pathogenic 
microo  rganisms. 

S  141-J  Coverage. 

This  part  shall  apply  to  each  public 
water  system,  unless  the  public  water 
system  meets  all  of  the  following  condi¬ 
tions: 

(a)  Consists  only  of  distribution  and 
storage  faculties  (and  does  not  have  any 
collection  and  treatment  faculties) ; 

<b>  Obtains  all  of  Its  water  from,  but 
Is  not  owned  or  operated  by,  a  public  wa¬ 
ter  system  to  which  such  regulations 
apply: 

«c)  Does  not  sell  water  to  any  person; 
and 

(d)  Is  not  a  carrier  which  convrv; 
pa&aengcrs  In  Interstate  commerce. 

§141.4  Variance,  and  ofmpllonv 

Variances  or  exemptions  from  certain 
provisions  of  these  regulations  may  be 
granted  pursuant  to  Sections  1415  and 
1416  ot  the  Act  by  the  entity  with  pri¬ 
mary-  enforcement  responsibility.  Provi¬ 
sions  under  Part  142,  National  tntcrir-i 
Pt tmary  ‘Drinking  Water  Krpulafionj 
Impfcmentat ton- --subpart  E  (Variances) 


mkI  i.iibpnrt  F  « Exemptions) — apply 
wlu-ie  J  I’A  l»:«x  pilmnry  enforcement 
rc-.-.jinii  .llilllty. 

§  141..%  Sill,  t  ri-i|i>irr;airfile. 

Before  n  person  nmy  enter  Into  a  fi- 
n.uiclnl  commitment  for  or  Initiate  con¬ 
struction  of  a  new  public  water  system 
or  Increase  the  capacity  of  an  existing 
public  water  system,  he  snail  notify  the 
State,  and.  to  the  extent  practicable, 
avoid  locating  part  or  all  of  the  new  or 
expanded  facility  at  a  site  which: 

(a)  Is  subject  to  a  significant  rL>k 
Xror.i  earthquakes,  floods,  fires  or  other 
disasters  which  could  cause  a  breakdown 
of  the  public  water  system  or  a  portion 
thereof ;  or 

<b)  Except  for  intake  structures,  is 
within  Che  floodplain  of  a  100-year  flood 
or  is  lower  than  any  recorded  high  tide 
where  appropriate  records  exist. 

The  U.S.  Environmental  Protection 
Agency  will  not  seek  to  override  land  use 
decisions  affecting  public  water  systems 
siting  which  are  made  at  the  State  or  lo¬ 
cal  government  levels. 

§141.6  Effective  dales. 

11416  revised  bv  44  FR  68641.  November  29. 
1979| 

(a)  Except  as  provided  in  paragraph 

(b)  of  this  section,  the  regulations  set 
forth  in  this  part  shall  take  effect  on 
June  24.  1977. 

(b)  The  regulations  for  total 
trihalomethanes  set  forth  in  §  141.12(c) 
shall  take  effect  2  years  after  the  date  of 
promulgation  of  these  regulations  for 
community  walsr  systems  serving  7o.000 
or  more  individuals,  and  4  years  after 
the  dale  of  promulgation  for 
communities  serving  10.000  to  74.999 
individuals. 

(c)  The  regulations  set  forth  In  141.11 
(a),  (c)  and  (d);  141.14(b)(1): 
141.14(b)(1)(c);  141.14(b)(2)(i)r  141.14(d); 
141.21  (f).  (c)  and  ('.}.  141.22  (a)  and  (e); 
141.23  (a)(3)  and  (a)(4):  141.23(0: 
141.24(a)(3);  141.24  (e)  and  (f);  141.25(e); 
141.27(a);  141.28  (a)  and  fb);  141.31  (a), 
fo).  (d)  and  (e);  141.32(b)(3);  and 
141.32(d)  shall  take  effect  immediately 
upon  promulgation. 

(d)  The  regulations  set  forth  In  141.41 
shall  take  effect  18  months  from  the  date 
of  promulgation.  Suppliers  must 
complete  the  first  round  of  sampling  and 
reporting  within  12  months  following  the 
effective  date. 

(e)  The  regulations  set  forth  in  141.42 
shall  take  effect  18  months  from  the  date 
of  promulgation.  All  requiremenls  in 
141,42  must  be  completed  within  12 
months  following  the  effective  date. 

1 141.6  tc)-(e)  added  by  45  FR  57342. 
August  27,  1980) 


Subpart  B — Maximum  Contaminant  levels 
§  111. 11  ,Mx»  imum  ntnlftfnlnBiil 

lor  Inorganic  rhcr>iic»l*. 

(a)  The  MCL  for  nitrate  Is  applicable 
to  both  community  water  systems  and 
non-community  water  systems  except  a. 
provided  by  in  paragraph  (d).  The  levels 
for  the  other  organic  chemicals  apply 
only  to  community  water  systems. 
Complience  with  MCLs  for  inorganic 
chemicals  Is  calculated  pursuant  to 
S  141.23. 

1141.' 1(a)  amended  by  45  FR  57342. 
August  27.  1980] 

<b)  The  following  are  the  maximum 
contaminant  levels  for  Inorganic  chemi¬ 
cals  other  than  fluoride: 

Level. 

mlUtfra  -7n 


Contaminant  per  |,jfr 

Arsenic  _ 0  05 

Barium _ _ \ 

Cadmium  _ _ .... _ _  0  010 

Chromium _ 0  05 

14,11  .  0  cs 

Mercury  . 0  q.;; 

Nitrate  <as  N) _  10 

Selenium  _ q  qj 

Silver -  0  05 


(c)  When  the  annual  average  of  the 
maximum  d-rily  atr  temperatures  for  the 
location  In  which  the  community  water 
system  Is  situated  is  the  following,  the 
maximum  contaminant  levels  for  fluoride 
arc: 


7  •  r.|»  i  jin,.  Level 

D-vriiw  I  v  I',  l-iu-  inilUrrv-n 

l'jl.i.  ill" vl  per  lil vr 


.73  7  and  I"  ivv  .  .  l.'.P  r.nrl  l*  li.»  .  -4 

U  6  In  W  J  .  .  l.’llolU .  7  - 

V  I  10  IU  *  .  M  7  li.  17.6. . .  .  -  n 

to  -i  10  7u  r. . i:  :mm .  i  , 

70  7  lot*  .‘ . .'I  2...  !  0 

7-  3  I'.  .  A,  3  it,  A.’  A...  1  , 


(c)  Fluoride  at  optimum  levels  in 
drinking  water  has  been  shown  to  have 
beneficial  effects  In  reducing  the 
occurrence  of  tooth  decay. 

1141.11  (c)  amended  by  45  FR  57342 
August  27.  1SS0J 

(d)  At  the  discretion  of  the  State, 
nitrate  levels  not  to  exceed  20  mg/J  may 
be  allowed  In  a  non-community  water 
system  if  the  supplier  of  water 
demonstrates  to  the  satisfaction  of  tb; 
State  that: 

(1)  Such  water  will  not  be  available  to 
children  under  6  months  of  age;  BDd 

(2)  There  will  be  continuous  posting  of 
the  fact  that  nitrate  levels  exceed  10 
mg/1  and  the  potential  health  effects  of 
exposure;  and 

(3)  Local  and  State  public  health 
authorities  will  be  notified  annually  of 
nitrate  levels  that  exceed  30  mg/1.  and 

(4)  No  adverse  health  effects  shall 
result. 

(141  It  (di  added  b>  45  FR  57342.  Auvum 
27. 19S01 


€  n  » t  »o  nr 


J-1Q 


(Sec.  141  11(d)(4)! 
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{  141.1?  Maximum  contaminant  levels  lor 
'  organic  chemicals. 

|MI  12  revivi-d  bv  44  Fit  60041.  Ndvi  iiiIh-i  2V 
lS7S(i 

The  following  arc  the  maximum 
contaminant  levels  for  organic 
chemicals.  The  maximum  contaminant 
lcve1s_for  organic  chemicals  in 
(parigraphs  (aj  and  (£)  of  this  section  ^ 
apply  tojaTTcommunity  water  system*!' 
Compliance  with  the  maximum 
contaminant  levels  in  paragraphs  (a) 
and  (b)  is  calculated  pursuant  to 
5  141.24.  The  maximum  comtaminant 
level  for  total  trihalomethancs  in 
paragraph  (c]  of  this  section  applies  onfy 
,lo  community  water  systems  which 
serve  a  population  of  10.000  or  more* 
individuals  and  which  add  a 
disinfectant  (oxidant]  to  the  water  in 
any  part  of  the  drinking  water  treatment 
process.  Compliance  with  the  maximum 
contaminant  level  for  total 


termlnerl  t>>  i»  input  lily  nvrrnr.r  pursuant 
to  I  141.2'.’ ,  « xiepl  llr.it  live  nr  fewer 
turbidity  unit-,  may  be  allowed  tf  the 
supplier  nf  vntT  can  ilrniniiKliiitc  to  the 
bUtlr  Unit  tin-  lili;lirr  luibldlly  does  not 
do  any  nt  tile  follow IllE 

II)  Inlei'Ierc  witti  disinfection; 

<21  I'jrveiit  maintenance  of  nn  effec¬ 
tive  db.InfccUint  nr.cnt  throur.hout  tlie 
distribution  system;  or 

(3)  Interfere  with  microbiological 
determinations 

lb)  five  turbidity  units  bused  on  an 
average  for  two  consecutive  days  pursu¬ 
ant  to  l  141.22. 

g  141.11  f'Mn  ximtim  niirroLiulugiri!  con- 
'luniiniitit  Ic'fU"” 

The  maximum  contaminant  levels  for 
conform  bacteria,  applicable  to  com¬ 
munity  water  systems  and  non-com¬ 
munity  water  systems,  are  as  follows: 

<a)  When  the  membrane  filter  tech¬ 
nique  pursuant  to  1141.21(a)  Is  used, 
the  number  of  collform  bacteria  shall 
not  exceed  any  of  the  following: 


trihalomethanes  is  calculated  pursuant 
to  §  141.30. 


1141. 14(a)(1)  revised  by  45  FR  57342. 
August  27.  1980) 


IciW. 
milligrams 
per  tiler 

(*)  Chlorinated  h>  drocarbonf 

Endrtn  <1.2.3-4.10.  lOhexachloro 
6.7-epoxy-l  .4.  4a.5.6.7.8.8a-octa 

hydro  1.4 -endo.  endo-58-dimnh- 
»no  naphthalene). 

Lindane  (1 .2  3.4.S.6  hexachloroo • 

clohexane.  tamma  isomer). 
MethoiychJof  tl.l.l-Trichloio  2.  2- 
bi«  Ip  melhox>  phen>  !]  ethane i 
To*aphene  <C„H,tCI, -Technical 
chlorinated  camphene.  67-6S  per 
cent  chlorine* 


(b»  Chloropheno\N  s 

2.4  D.  12. 4  D  tf  hJofophr  no  a  >  are  i  >r 
•  cid ) 

2.4.5  TP  Sit\n  l2. 4 .5  Trichloro 
phenoxx  propionic  aridi. 


(1)  One  per  100  milliliters  as  the 
arith  netic  mean  of  all  samples 
examined  per  compliance  period 
pursuant  to  $  141.21(b)  or  (c).  except 
°^’r,°-.  that,  at  the  primacy  Agency’s  discretion 
?<*if  ®  systems  required  to  take  10  or  fewer 

samples  per  month  may  be  authorized  to 
M  ??t>  exc'u(^e  one  positive  routine  sample  per 
01  month  from  the  monthly  calculation  if: 
fPl>(i)  as  approved  on  a  case-by-case  basis 
^,a,e  determines  and  indicates  in 
writing  to  the  public  water  system  that 
no  unreasonable  risk  to  health  existed 
under  the  conditions  of  this 
modification.  This  determination  should 
be  based  upon  a  number  of  factors  not 
limited  to  the  following:  (A)  the  system 
provided  and  had  maintained  an  active 
disinfectant  residual  in  the  distribution 


.  o  i  . 
0  01 

J'tfi 


1(c)  Total  trihalomethanes  (the  sum  of 
the  concentrations  of  bromodichloro- 
melhane.  dibromochloromethane,  tri- 
bromomethane  (bromoform)  and  tri- 
ehtoromethane  (chloroform)  0  10  me  1. 

1)41  1 2 <  c  >  added  bv  44  FR  GS641.  November 
25  1S79| 


g  141.13  Maximum  contaminant  levels 
for  turbidity.  • 

The  maximum  contaminant  levels  foi 
turbidity  are  applicable  to  both  commu¬ 
nity  water  systems  and  non-community 
water  systems  using  surface  water 
sources  In  whole  or  In  part  The  maxi¬ 
mum  contaminant  levels  for  turbidity 
In  drinking  water,  measured  at  a  repre¬ 
sentative  entry  potntis)  to  the  distribu¬ 
tion  system,  are 

<a)  One  turbidity  unit  <TU>.  as  de¬ 


system.  (Bj  the  potential  for 
contamination  as  indicated  by  a 
sanitary  survey,  and  (C)  the  history  of 
the  water  quality  at  the  public  water 
system  (e  g.  MCL  or  monitoring 
violations):  (ii)  the  supplier  initiates  a 
check  sample  on  each  of  two 
consecutive  days  from  the  same 
sampling  point  within  24  hours  after 
notification  that  the  routine  sample  is 
positive,  and  each  of  these  check 
samples  is  negative;  and  (iii)  the  original 
positive  routine  sample  is  reported  end 
recorded  by  the  supplier  pursuant  to 
{  141.31(a)  end  {  141.33(a).  The  supplier 
shall  report  to  the  State  its  compliance 
with  the  conditions  specified  in  this 
paragraph  a?>d  a  summary  of  the 
corrective  action  taken  to  resolve  the 
prior  positive  sample  -esult.  If  a  positive 
routine  sample  is  not  used  for  the 
monthly  calculation,  another  routine 


10  2<  80 
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sample  must  be  analyzed  for  comp' 
purposes.  This  provision  may  be  k 
only  once  during  two  consecutive 
compliance  penods. 

(2)  Four  per  100  milliliters  tr. 
ilmn  one  sample  when  less  than  - 
examined  per  month;  or 

(3)  Four  per  100  mllllLIters  tr. 
than  five  percent  of  the  samples 
20  or  more  are  examined  per  mo r. 

(b)(1)  When  the  fermentation 
method  and  10  milliliter  standard 
tlons  pursuant  to  1141.21(a)  are 
collform  bacteria  shall  not  be  pre: 
any  of  the  following: 

|141.I4ib)(l  Mil  revised  by  45  FH  5 
Aupu-t  27.  198U| 

(1)  More  than  10  percent  of  the 
portions  (tubes)  In  any  one  month 
pursuant  to  {  141.21  (b)  or  (c)  excep 
that,  at  the  State's  discretion,  sys'.t.- 
required  to  lake  10  or  fewer  sarspl- 
month  may  be  authorized  to  exclud. 
positive  routine  sample  resulting  in  - 
or  more  positive  tubes  per  month  li¬ 
the  monthly  calculation  if:  (A)  as 
approved  on  a  case-by-case  basis  ti 
State  determines  and  indicates  in 
writing  to  the  public  water  system  th. 
no  unreasonable  risk  to  health  existc 
under  the  conditions  of  this 
modification.  This  determination  sh: 
be  based  upon  a  number  of  factors  z 
limited  to  the  following:  (/)  the  sys!-; 
provided  and  had  maintained  an  ec: 
disinfectant  residual  in  the  distribu!; 
system.  (2)  the  potential  for 
contamination  as  indicated  by  a 
sanitary  survey,  and  (3)  the  history  c: 
the  water  quality  at  the  public  water 
sy  stem  (e  g.  MCL  or  monitoring 
violations):  (B)  the  supplier  initiate: 
check  sample  on  each  of  two 
consecutive  days  from  the  sampling 
point  within  24  hours  after  notificat; 
that  the  loutine  sample  is  positive,  ar 
each  of  t  iese  check  samples  is  negat  . 
and  (C)  the  original  positive  routine 
sample  Is  reported  and  recorded  by  -J 
rupplier  pursuant  to  (  141.31(a)  and 

{  141.33(a).  The  supplier  shall  report  : 
the  State  its  compliance  with  the 
conditions  specified  in  this  paragraph 
and  report  the  action  taken  to  resolve 
the  prior  positive  sample  result.  If  a 
positive  routine  sample  is  not  used  fo: 
the  monthly  calculation,  another  roulir 
sample  must  be  analyzed  for  compliar 
purposes.  This  provision  may  be  used 
only  once  during  two  consecutive 
compliance  periods. 

(It)  three  or  more  portions  In  .- 
than  one  sample  when  less  than  20 
pies  are  examined  per  month:  or 

(lit)  three  or  more  portions  In  r 
than  five  percent  of  the  samples  v 
20  or  more  samples  are  examined 
month. 

(2)  When  the  fermentation  > 


(Sec  14)  14(b)(2)] 
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ENVIRONMENTAL  PROTECTION 
AGENCY 

fFHL  1423-3] 

Water  Quality  Criteria  Documents; 
Availability 

agency:  Environmental  Protection 
Agency. 

action:  Notice  of  Water  Quality  Criteria 
Documents.  _ 

summary:  EPA  announces  the 
availability  and  provides  summaries  of 
water  quality  criteria  documents  for  64 
toxic  pollutants  or  pollutant  categories. 
These  criteria  are  published  pursuant  to 
section  304(a)(1)  of  the  Clean  Water  Act 
AVAIlABiUTY  Of  DOCUMENTS: 

Summaries  of  both  aquatic-based  and 
health-based  criteria  from  the 
documents  are  published  below.  Copies 
of  the  complete  documents  for 
individual  pollutants  may  be  obtained 
from  the  National  Technical  Information 
Service  (NT1S),  5285  Port  Royal  Road. 
Springfield.  VA  22181.  (703-487-4650).  A 
list  of  the  NT1S  publication  order 
numbers  for  all  64  criteria  documents  is 
published  below.  These  documents  are 
also  available  for  public  inspection  and 
copying  during  normal  business  hours 
at:  Public  Information  Reference  Unit. 
U.S.  Environmental  Protection  Agency. 
Room  2404  (rear).  401  M  St,  S.W, 
Washington.  D.C.  20460.  As  provided  in 
40  CFR  Part  2.  a  reasonable  fee  may  be 
charged  for  copying  services.  Copies  of 
these  documents  are  aiso  available  for 
review  in  the  EPA  Regional  Office 

libraries. _  „  . 

ih^' iteKsxrnpni&'en'i^Vr^^ 
frailahle 'jrum 

fceiow.  Aequests  sent  to  that  office  will 
be  forwarded  to  NTIS  or  returned  to  the 
sender. 

1.  Acenaphthene.  PB81-117269. 

2.  Acrolein.  PB81-H7277. 

3-  Acrylonitrile.  PB31-117285. 

4.  Aldrin/Dieldnn.  PB81-117301. 

5.  Antimony.  PB81-117319. 

6.  Arsenic.  PB81-117327. 

7.  Asbestos.  PB81-117335. 

8.  Benzene.  P381-U7293. 

9.  Benzia:ne.  PB81-117343. 

10.  Beryllium.  PB81-117350. 

11.  Cadmium,  PB81-117368. 

12.  Carbon  Tetrachloride.  PB81- 
117376. 

13.  Chlordane.  PB81-117364. 

14.  Chlorinated  benzenes.  PB81- 
117392. 

15.  Chlorinated  ethanes.  PB81-117400. 

16.  Chloroalky!  ethers.  P381-11741S. 

17.  Chlorinated  naphthalene.  PB81- 
117426. 

18.  Chlorinated  phenols.  PB81-117434. 

19.  Chloroform.  PE81-117442. 

20.  2-chJcropher.oi.  FB81-117459. 


21.  Chromium.  PB81-117467. 

22.  Copper.  PB81-117475, 

23.  Cyanides.  PB81-U74S3. 

24.  DDT.  P 881-117491. 

25.  Dichlorobenzenes.  PB01-117509. 

28.  Dichlorobenzidine.  PB81-117317. 

27.  Dichloroethylenes.  PB31-117525. 

28.  2.4-dIchlorophenoL  PB81-117533. 

29.  Dichloropropanei/propenes.  PB81- 
117541. ' 

30.  2.4-dimethylphenol  PB81-117558. 

31.  Dinitrotoluene,  PB81-11758&. 

32.  Diphenylhydrazine.  PB81-117731. 

33.  Endosulfan.  PBS1-117574. 

34.  Endrin.  PB81-117582. 

35.  Ethylbenzene.  PB81-117590. 

38.  Fluoranthene.  PB31-117608. 

37.  Haloethers,  PB81-117616. 

3a.  Halomethanes.  PB81-117824. 

39.  Heptachlor.  PB81-117832. 

4a  Hexachlorobuta diene,  PB81- 

117640. 

41.  Hexachlorocyclohexane.  PB81- 
117657. 

42.  Hexachlorocyclopentadiene.  PB31- 
117665. 

43.  lsophorone.  PB81-117673. 

44.  Lead.  PB81-117681. 

45.  Mercury.  PB81-117699. 

46.  Naphthalene,  PB81-117707. 

47.  Nickel.  PB81-117715. 

48.  Nitrobenzene.  PB81-117723. 

49.  Nitrophenols.  PB81-117749. 

50.  Nitrosamines.  PB81-117758. 

51.  Pentachlorophenol.  PB81-1 17784. 

52.  phenoL  PB81-117772. 

53.  Phthalate  esters.  PB81-117780. 

54.  Polychlorinated  biphenyls  (PCBs), 
PB 81-11 7798. 

55.  Polynuclear  aromatic 
hydrocarbons.  PB81-1178C5. 

56.  Selenium.  PE81-117B14. 

57.  Silver.  PB31-117822. 

58.  TetrachJoroethylene.  PB81-117830. 

59.  Thallium.  PB81-117848. 

8a  Toluene,  PB81-117B55. 
n.  Toxaphene.  PB81-117863. 

82.  Trichloroethylene.  PB81-117871. 

63.  Vinyl  chloride.  PB81-117889. 

84.  Zinc,  PB81-11T897. 

FOR  further  information  contact: 

Dr.  Frank  Gostomski.  Criteria  end 
Standards  Division  (WH-585).  United 
States  Environmental  Protection 


supplementary  information: 
Background 

Pursuant  to  section  304(a)(1)  of  the 
Clean  Water  Act.  33  U.S.C  1314(a)(1). 
EPA  is  required  to  periodically  review 
and  publish  criteria  for  water  quality 
accurately  reflecting  the  latest  scientific 
knowledge: 

(A)  on  the  kind  and  extern  of  all 
identifiable  effects  On  health  and  welfare 
including  but  cot  limned  to.  plankton,  fish. 


ahaQfiah.  wildlife,  plant  life,  shoreline*, 
beeches,  esthetic*,  and  recmdon  which  nay 
be  expected  from  the  presence  'of  polluter.:* 
la  any  body  of  water.  Including  groundwater. 
(B)  on  the  concentration  and  dispersal  of 
pollutants,  or  their  byproduct*,  through 
biological  physical  and  chemical  processes, 
and  (C)  on  the  efTects  of  pollutants  on 
biological  community  diversity,  productivity, 
and  aubility.  including  information  on  the 
factors  affecting  rates  of  eutrophication  and 
rataa  of  organic  and  Inorganic  sedimentation 
for  varying  types  of  receiving  waters. 

EPA  is  today  announcing  the 
availability  of  criteria  documents  for  64 
of  the  65  pollutants  designated  as  toxic 
under  section  307(a)(1)  of  the  Act  The 
document  on  TCDD  (Dioxin)  will  be 
published  within  the  next  month  after 
review  of  recent  studies.  Criteria  for  the 
section  307(a)(1)  toxic  pollutants  being 
published  today  will  replace  the  criteria 
for  those  same  pollutants  found  In  the 
EPA  publication.  Quality  Criteria  for 
Water,  (the  "Red  Book.”)  Criteria  for  ail 
other  pollutants  and  water  constituents 
found  in  the  "Red  Book"  remain  valid. 
The  criteria  published  today  have  been 
derived  using  revised  methodologies  for 
determining  pollutant  concentrations 
that  wiiL  when  not  exceeded, 
reasonably  protect  human  health  and 
aquatic  life.  Draft  criteria  documents 
were  made  available  for  public 
comment  (44  FR  15926,  March  15. 1973. 

44  FR  43660.  July  25. 1979.  44  FR  56628. 
October  1.  1979).  These  final  criteria 
have  been  derived  after  consideration  of 
all  comments  received. 

These  criteria  documents  are  also 
Issued  in  satisfaction  of  the  Settlement 
Agreement  in  Natural  Resources 
Defense  Council,  et  ai  v.  Train.  8  E.R.C. 
2120  (1976).  modified.  12  E.R.C.  1823 
(D.D  C  1979).  Pursuant  to  paragraph  11 
of  that  agreement  EPA  is  required  to 
publish  criteria  documents  for  the  65 
pollutants  which  Congress,  in  the  1S77 
amendments  to  the  Act.  designated  as 
toxic  under  section  307(a)(1).  These 
documents  contain  recommended 
maximum  permissible  pollutant 
concentrations  consistent  with  the 
protection  of  aquatic  organisms,  human 
health,  and  some  recreational  activities. 
Although  paragraph  11  imposes  certain 
^Toligations  on  the  Agency,  it  does  net 
Create  additional  authority. 

The  Development  of  Water  Quality 
Criteria 

Section  304(a)(1)  criteria  contain  two 
essentia!  types  of  information:  (1) 
discussions  of  available  scientific  dais 
on  the  effects  of  pollutants  on  public 
health  and  welfare,  aquatic  life  and 
recreation,  and  (2)  quantitative 
concentrations  or  qualitative 
assessments  of  the  pollutants  ;n  water 
which  will  generally  ensure  water 
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quality  adequate; to  support  a  specified 
water  mse.'Under  section  3W(a)(l).  these 
criteria  are  based  solely  on  data  and 
scientific  judgments  on  the  relationship 
between  pollutant  concentrations  and 
environmental  and  human  health 
effects.  Criteria  values  do  not  reflect 
considerations  of  economic  or 
technological  feasibility. 

Publication  of  water  quality  criteria  of 
this  type  has  been  an  ongoing  process 
which  EPA.  and  its  predecessor  Agency, 
the  Federal-Water  Pollution  Control 
Administration,  have  been  engaged  in 
since  1968.  At  that  time  the  first  Federai 
compilation  of  water  quality  criteria,  the 
so-called  "Green  Book"  (Water  Quality 
Criteria],  was  published.  As  now,  these 
criteria  contained  both  narrative 
discussions  of  the  environmental  effects 
cf  pollutants  on  a  range  of  possible  uses 
and  concentrations  of  pollutants 
neoessaryio  support  these  uses.  Since 
that  time,  water  quality  criteria  have 
been  revised  ana  expanded  with 
publication  of  the  "Blue  Book"  (Water 
Quality  Criteria  19T2 )  in  1973  and  the 
’  Red  Book"  (Quality  Criteria  for  Water) 
in  1976. 

Since  publication  of  the  Red  Book 
there  have  been  substantial  changes  in 
EPA’s  approach  to  assessing  scientific 
data  and  deriving  section  304(a)(1) 
criteria.  Previous  criteria  were  derived 
from  a  limited  data  base.  For  many 
pollutants,  an  aquatic  life 'criterion  was 
derived  by  multiplying  the  lowest 
concentration  known  to  have  acute 
lethal  effect  on  half  of  a  test  group  of  ar. 
aquatic  species  (the  LCSO  value)  by  an 
application  factor  in  order  to  protect 
against  chronic  effects.  If  data  showed  a 
substance  to  be  bioaccumulative  or  to 
have  other  significant  long-term  effects, 
a  factor  was  used  to  reduce  the 
indicated  concentrations  to  a  level 
presumed  to  be  protective.  Criteria  for 
the  protection  of  human  health  were 
similarly  derived  by  considering  the 
pollutants'  acute,  chronic,  and 
bioaccumulative  effects  on  non-human 
mammals  and  humans. 

Although  a  continuation  of  the 
process  of  criteria  development,  the 
criteria  published  today  w  ere  derived 
using  revised  methodologies 
(Guidelines)  for  calculating  the  impact 
of  pollutants  on  human  health  and 
aquatic  organisms.  These  Guidelines 
consist  of  systematic  methods  for 
assessing  valid  and  appropriate  date 
concerning  acute  and  chronic  adverse 
effects  of  pollutants  oo  aquatic 
organisms,  r.on-humar.  mammals,  and 
humar.s  By  use  of  these  data  ir, 
prescribed  ways,  criteria  are  formulated 
to  protect  aquatic  life  and  human  health 
from  exposure  to  the  pollutants  Fc: 


some  pollutants,  bioconcentration 
properties  are  used  to  formulate  criteria 
protective  cf  aquatic  life  uses.  For 
almost  all  of  the  pollutants, 
bioconcentration  properties  are  used  to 
assess  the  relative  extent  of  human 
exposure  to  the  pollutant  either  directly 
through  ingestion  of  water  or  indirectly 
through  consumption  or  aquatic 
organisms.  Human  health  criteria  for 
carcinogens  are  presented  as 
incremental  risks  to  man  associated 
with  specific  concentrations  of  the 
pollutant  in  ambient  water.  The 
Guidelines  used  to  derive  criteria 
protective  of  aquatic  life  end  human 
health  are  fully  described  in  appendices 
B  and  C.  respectively,  of  this  Notice. 

The  Agency  believes  that  thise 
Guidelines  provide  criteria  wh  ch  more 
accurately  reflect  the  effects  of  these 
pollutants  on  human  health  and  on 
aquatic  organisms  and  their  usi-s.  They 
are  based  on  a  more  rational  and 
consistent  approach  for  using  scientific 
data.  These  Guidelines  were  developed 
by  EPA  scientists  in  consultation  with 
scientists  from  outside  the  Agency  and 
they  have  been  subjected  to  intensive 
public  comment. 

Neither  the  Guidelines  nor  the  criteria 
are  considered  Inflexible  doctrine.  Even 
at  this  time.  EPA  is  taking  action  to 
employ  the  resources  of  peer  review 
groups,  including  the  Science  Advisory 
Board,  to  evaluate  recently  published 
data,  and  EPA  is  conducting  its  own 
evaluation  of  new  data  to  determine 
whether  revisions  to  the  criteria 
documents  would  be  warranted. 

The  criteria  published  today  are 
based  solely  on  the  effect  of  a  single 
pollutant.  However,  pollutants  in 
combination  may  have  different  effects 
because  of  synergistic,  additive,  or 
antagonistic  properties.  It  is  impossible 
in  these  documents  to  quantify  the  . 
combined  effects  of  these  pollutants, 
and  persons  using  criteria  should  be 
aware  that  site-specific  analysis  of 
actual  combinations  of  pollutants  may 
be  necessary  to  give  more  precise 
indications  of  the  actual  environmental 
impacts  of  a  discharge. 

Relationship  of  the  Section  304(a)(1) 
Criteria  to  Regulatory  Programs 

Section  304(a)(1)  criteria  are  not  rules 
and  they  have  no  regulatory  inpact. 
Rather,  these  criteria  present  scientific 
data  and  guidance  on  the  enviromental 
effect  of  pollutants  which  can  be  useful 
to  derive  regulatory  requirements  based 
on  considerations  cf  water  quality 
impacts  Under  the  Clean  Water  Act. 
these  regulatory  requirements  may 
include  the  promulgation  or  water 
quaiity-based  effluent  limitations  under 
section  302.  water  quality  standards 


under  section  303.  or  toxic  pollutant 
effluent  standards  under  seciicn  227. 
States  art  encouraged  to  begin  to 
modify  or  If  necessary,  develop  r.ev. 
programs  necessary  to  support  the 
implementation  of  regulatory  control; 
for  toxic  pollutants.  As  appropriate. 
States  may  incorporate  criteria  for  to; 
pollutants,  based  on  this  guidance,  in'. 
their  water  quality  standards 

Section  304(a)(1)  criteria  have  beer 
most  closely  associated  with  the 
development  of  Stale  water  quality 
standards,  and  the  "Red  Book"  value 
have,  in  toe  past  been  the  basis  for 
EPA’s  assessments  of  the  adequacy  - 
Slate  requirements.  However.  EPA  :: 
now  completing  a  major  review  of  it: 
water  quality  standards  policies  and 
regulations.  After  coasideration  of 
comments  received  on  an  Advance 
Notice  of  Proposed  Rulemaking  (43  ~ 
29588.  July  10. 1978)  and  the  draft 
criteria  documents,  the  Agency,  inter.-, 
to  propose,  by  the  end  of  thus  year,  a 
revised  water  quality  standards 
regulation  which  will  clarify  the 
Agency’s  position  on  a  number  of 
significant  standards  issues. 

W'ith  the  publication  of  these  enter 
however,  ft  is  appropriate  to  discuss 
EPA’s  current  thinking  on  standards 
issues  relating  to  their  use.  This 
discussion  does  not  establish  new 
regulatory  requirements  and  is  inter.c 
as  guidance  on  the  possible  uses  of 
these  criteria  and  an  ind.calion  of  fut 
rulemaking  the  Agency  may  unsertal- 
No  substantive  requirements  will  b-:- 
established  without  further  cppc::_- 
for  public  comment. 

Water  Quality  Standards 

.  Section  303  of  the  Clean  Water  Act 
provides  that  w;  ter  quality  standards 
developed  for  all  surface  waters.  A 
water  quality  standard  consists 
basically  of  two  parts:  (1)  A  "desigra 
use"  for  which  the  water  body  is  to  b 
protected  (such  as  "agricultural.” 
''recreation’’  or  "fish  end  wildlife"),  a 
(2)  "criteria”  which  are  numerical 
pollutant  concentration  limits  or 
narrative  statements  necessary  to 
preserve  or  achieve  the  designated  us 
A  water  quality  standard  u  develops: 
through  State  or  Federal  rule  making 
proceedings  and  must  be  translated 
enforceable  effluent  limitations  in  a 
point  scurce  (NPDES)  permit  or  may 
form  the  basis  of  best  management 
practices  applicable  to  nonpomt  sou-: 
under  section  2C3  cf  the  Ac:. 

Relationship  of  Section  ] 

Criteria  to  the  Cnterio  Component  c  ' 
State  Water  Quciity  Stcnc'crcs 

In  the  ANPRM.  EPA  announced  a 
policy  of  "presumptive  applicability  ’ 
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section  304(e)(1)  criteria  codified  la  the 
“Red  Book."  Presumptive  applicability 
meant  that  a  State  had  to  adopt  a 
criterion  (or  a  particular  water  quality 
parameter  at  least  as  stringent  aj  the 
recommendation  in  the  Red  Book  unless 
the  Slate  was  able  to  justify  a  less 
stringent  criterion  based  on:  natural  - 
background  conditions,  more  recent 
scientific  evidence,  or  local  site-specific 
information.  EPA  is  rescinding  the 
policy  of  presumptive  applicability 
because  it  has  proven  to  be  too 
inflexible  In  actual  practice. 

Although  the  lection  304(e)(1)  criteria 
represent  a  retionable  estimate  of 
pollutant  concentrations  consistent  with 
the  maintenance  of  designated  water 
uses,  States’may  appropriately  modify 
these  values  to  reflect  local  conditions. 

In  certain  circumstances,  the  criteria 
may  not  accurately  reject  the  toxicity  of 
a  pollutant  because  of  the  effect  of  local 
water  quality  characteristics  or  varying 
sensitivities  aflocal  populations.  For. 
example,  in  some  cases,  ecosystem 
adaptation  may  enable  a  viable, 
balanced  aquatic  population  to  exist  in 
waters  with  high  natural  background 
levels  of  certain  pollutants.  Similarly, 
certain  compounds  may  be  more  or  less 
toxic  in  some  waters  because  of 
differences  in  alkalinity,  temperature, 
hardness,  and  other  factors. 

Methods  for  adjusting  the  section 
304(a)(1)  criteria  to  reflect  these  local 
differences  are  discussed  below. 

Relationship  of  Section  30-1  fa  If  1 1 
Criteria  to  Designated  Water  Uses: 

The  criteria  published  today  can  be 
used  to  support  the  designated  uses 
which  are  generally  found  in  State 
atandards.  The  following  section 
discusses  the  relationship  between  the 
criteria  and  individual  use 
classifications.  Where  a  waterbody  is 
designated  for  more  than  one  use, 
criteria  necessary  to  protect  the  most 
sensitive  use  should  be  applied. 

1.  Recreation:  Recreational  uses  of 
water  include  such  activities  as 
swimming,  wading,  boating  and  fishing. 
Although  insufficient  data  exist  on  the 
effects  of  toxic  pollutants  resulting  from 
exposure  through  such  primary  contact 
as  swimming,  section  304(a)(1)  criteria 
based  on  human  health  effects  may  be 
used  to  support  this  designated  use 
where  fishing  is  included  in  the  State 
definition  of  "recreation.”  In  this 
situation  cr.ly  the  portion  of  the  criterion 
based  on  fish  consumption  should  be 
used. 

2.  Prelection  and  Propagation  of  T.sh 
end  Other  Aquctic  Life:  The  section 
304| a,;l)  criteria  based  on  toxicity  to 
acuaiic  life  m.av  be  used  directly  to 
support  tr.is  ces.fr.ated  use 


3.  Agricultural  and  Industrial  Uses: 
The  section  304(a)(1)  criteria  were  net 
specifically  developed  to  reflect  the 
Impact  of  pollutants  on  agricultural  and 
industrial  uses.  However,  the  criteria 
developed  for  human  health  and  aquatic 
life  are  sufficiently  stringent  to  protect 
these  other  uses.  States  may  establish 
criteria  specifically  designed  to  protect 
these  uses. 

4.  Public  Water  Supply:  The  drinking 
water  exposure  component  of  the 
human  health  effects  criteria  can  apply 
directly  to  this  use  classification  or  may 
be  appropriately  modified  depending  • 
upon  whether  the  specific  water  supply 
system  falls  within  the  auspices  of  the 
Safe  Drinking  Water  Act's  (SD  WA) 
regulatory  control  and  the  type  and 
level  of  treatment  imposed  upon  the 
supply  before  delivery  to  the  consumer. 
The  SDWA  controls  the  presence  of 
toxic  pollutants  in  finished  ("end-of- 
tap")  drinking  water.  A  brief  description 
of  relevant  sections  of  this  Act  is 
necessary  to  explain  bow  the  SDWA 
will  work  in  conjunction  with  section 
304(a)(1)  criteria  in  protecting  human 
health  from  the  effects  of  toxics  due  to 
consumption  of  water. 

Pursuant  to  section  1412  of  the  SDWA. 
EPA  has  promulgated  “National  Interim 
Primary  Drinking  Water  Standards"  for 
certain  organic  and  inorganic 
substances.  These  standards  establish 
"maximum  contaminant  levels" 
("MCLs”)  which  specify  the  maximum 
permissible  level  of  a  contaminant  in 
water  which  may  be  delivered  to  a  user 
of  a  public  water  system  now  defined  as 
serving  a  minimum  of  25  people.  MCLs 
are  estnblished  based  on  consideration 
of  a  range  of  factors  including  not  only 
the  health  effects  of  the  contaminants 
but  also  technological  and  economic 
feasibility  of  the  contaminants'  removal 
from  the  supply.  EPA  is  required  to 
establish  revised  primary  drinking  water 
regulations  based  on  the  effects  of  a 
contaminant  on  human  health,  and 
include  treatment  capability,  monitoring 
availability,  and  costs.  Under  Section 
1401(l)(D)(i)  of  the  SDWA  EPA  is  also 
allowed  to  establish  the  minimum 
quality  criteria  for  wster  which  may  be 
taken  into  a  public  water  supply  system. 

Section  304(a)(1)  criteria  provide 
estimates  of  pollutant  concentrations 
protective  of  human  health,  but  do  not 
consider  treatment  technology,  costs 
and  other  feasibility  factors.  The  section 
304(a)(1)  criteria  also  include  fish 
bioaccumulation  and  consumption 
factors  in  addition  to  direct  human 
drinking  water  intake  These  numbers 
were  not  developed  to  sme  as  "end  cf 
tap"  drinking  water  standards,  and  they 
have  no  regulatory  sicn:f:C3nce  under 


the  SDWA  Drinking  water  standards 
are  established  based  on  considerations. 
Including  technological  and  economic 
feasibility,  not  relevant  to  section 
304(a)(1)  criteria.  Section  304(a)(1) 
criteria  may  be  analogous  to  the 
recommended  maximum  contaminant 
levels  (RMCLs)  under  section 
1412(b)(1)(B)  of  the  SDWA  In  which, 
based  upon  a  report  from  the  National 
Academy  of  Sciences,  the  Administrator 
should  set  target  levels  for  contaminants 
In  drinking  water  at  which  “no  known  or 
anticipated  adverse  effects  occur  and 
which  allows  an  adequate  margin  of 
safety".  RMCLs  do  not  take  treatment, 
cost  and  other  feasibility  factors  into 
consideration.  Section  304(a)(1)  criteria 
are.  in  concept,  related  to  the  health- 
based  goals  specified  in  the  RMCLs. 
Specific  mandates  of  the  SdWA  such  as 
the  consideration  of  multi-media 
exposure,  as  well  as  different  methods 
for  setting  maximum  contaminant  levels 
under  the  two  Acts,  may  result  in 
differences  between  the  two  numbers. 

MCLs  of  the  SDWA  where  they  exist, 
control  toxic  chemicals  in  finished 
drinking  water.  However,  because  of 
variations  in  treatment  and  the  fact  that 
only  a  relatively  small  number  of  MCLs 
have  been  developed,  ambient  water 
criteria  may  be  used  by  the  States  as  a 
supplement  to  SDWA  regulations.  States 
will  have  the  option  of  applying  MCLs. 
section  304(a)(1)  human  health  effects 
criteria,  modified  section  304(a)(1) 
criteria  or  controls  more  stringent  than 
these  three  to  protect  against  the  effects 
of  toxic  pollutants  by  ingestion  from 
drinking  water. 

For  untreated  drinkLng  water  supplies. 
States  may  control  toxics  in  the  ambient 
water  through  either  use  of  MCLs  (if 
they  exist  for  the  pollutants  of  concern), 
section  304(a)(1)  human  health  effects 
criteria,  cr  a  more  strigent  contaminant 
level  than  the  former  two  options. 

For  treated  drinking  water  supplies 
serving  less  than  25  people.  States  may 
choose  toxics  control  through 
application  of  MCLs  (if  they  exist  for  the 
pollutants  of  concern  and  are  attainable 
by  the  type  of  treatment)  in  the  finished 
drinking  water.  States  also  have  the 
options  to  control  toxics  in  the  ambient 
water  by  choosing  section  3G4(a)(l.) 
criteria,  adjusted  section  304(a)(1) 
criteria  resulting  from  the  reduction  of 
the  direct  drinking  water  exposure 
component  in  the  criteria  calculation  to 
the  extent  that  the  treatment  procedure 
reduces  the  level  of  pollutants,  cr  a  mere 
stringent  contaminant  level  than  the 
former  three  options. 

For  treated  cnnktr.g  water  supplies 
serving  25  people  or  greater.  States  must 
control  toxics  down  to  levels  at  leas:  a; 
stringent  as  MCLs  (where  they  exist  frr 
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the  pollutants  of  concern)  In  the  finished 
drinking  water.  However,  States  also 
have  the  options  to  control  toxics  In  the 
ambient  water  by  choosing  section' 
304(a)(1)  criteria,  adjusted  section 
304(a)(1)  criteria  resulting  from  the 
reduction  of  the  direct  drinking  water 
exposure  component  in  the  criteria 
calculation  to  the  extent  that  the 
treatment  procesi  reduces  the  level  of 
pollutants,  or  a  more  stringent 
contaminant  level  than  the  former  three 
options. 

Inclusion  of  Specific  Pollutants  in  State 
Standards: 

To  data.  EPA  has  not  required  that  a 
State  address  any  specific  pollutant  in 
its  stendards.  Although  all  States  have 
established  standards  for  most 
conventional  pollutants,  the  treatment  of 
tcxic  pollutants  has  been  much  less 
extensive.  In  the  ANPRM.  EPA 
suggested  a  policy  under  which  States 
would  be  required  to  address  a  set  of 
pollutants  and  incorporate  specific  toxic 
pollutant  criteria  into  water  quality 
standards.  If  the  State  failed  to 
incorporate  these  criteria.  EPA  would 
promulgate  the  standards  based  upon 
these  criteria  pursuant  to  section 
303(c)(4)(B). 

In  the  forthcoming  proposed  revision 
to  the  water  quality  standard 
regulations,  a  significant  change  in 
policy  will  be  proposed  relating  to  the 
incorporation  of  certain  pollutants  in 
State  water  quality  standards.  This 
proposal  will  differ  from  the  proposal 
made  in  the  AXPRM.  The  ANPR.M 
proposed  an  EPA-pub!ishec  list  of 
pollutants  for  which  States  would  have 
had  to  develop  water  quality  standards. 
This  list  might  have  contained  some  (or 
all)  of  the  63  toxic  pollutants.  However, 
the  revised  water  quality  standards 
'  regulation  will  propose  a  process  by 
which  EPA  will  assist  States  in 
identifying  specific  toxic  pollutants 
required  for  assessment  for  possible 
inclusion  in  State  water  quality 
standards.  For  these  pollutants.  States 
will  have  the  option  of  adopting  the 
published  criteria  or  of  adjusting  those 
criteria  t-ased  on  site-specific  enalysis. 

These  pollutants  would  generally 
represent  the  greatest  threat  to 
sustaining  a  healthy,  balanced 
ecosystem  in  water  bodies  or  to  human 
health  due  to  exposure  directly  or 
"'Indirectly  irore  water.  EPA  is  currently 
developing  a  process  to  determine 
which  pollutants  a  State  must  assess  for. 
possible  inclusion  in  its  water  quality 
standards  Relevant  factors  might 
include  the  toxicity  of  the  pollutant  the 
frequency  and  concentration  of  its 
discharge,  us  geographies!  distribution, 
the  breaath  of  data  underlying  the 


scientific  assessment  of  its  aquatic  life 
and  human  health  effects,  and  the 
technological  and  economic  capacity  to 
control  the  discharge  of  the  pollutant. 
For  acme  of  the  pollutants,  all  States 
may  be  required  to  assess  them  for 
possible  inclusion  In  their  standards.  For 
others,  ajsessmeni  would  be  restricted 
to  States  or  limited  to  specific  water 
bodies  where  the  pollutants  pose  a 
particular  site-specific  problem. 

Criteria  Modification  Process 

Flexibility  is  available  in  the 
application  of  these  and  any  other  valid 
water  quality  criteria  to  regulf  tory 
programs.  Although  in  seme  cases  they 
may  be  used  by  the  States  as  developed, 
the  criteria  may  be  modified  to  refect 
local  environmental  conditions  and 
human  exposure  patterns  before 
incorporation  into  programs  such  as 
Water  quality  standards.  If  significant 
Impacts  cf  site-specific  water  quality 
conditions  in  the  toxicities  of  pollutants 
can  be  demonstrated  or  significantly 
different  exposure  patterns  of  these 
pollutants  to  humans  can  be  shown, 
section  304fa)(l)  criteria  may  be 
me. dined  to  reflect  these  local 
conditions.  The  term  “local"  may  refer 
to  any  appropriate  geographic  erea 
where  common  aquatic  environmental 
conditions  or  exposure  patterns  exist. 
Thus,  “local"  may  signify  a  Statewide, 
regional,  river  reach,  or  entire  river 
basic  area.  On  the  other  hand,  the 
criteria  of  some  pollutants  might  be 
applicable  nationwide  without  the  need 
for  adaptation  to  reflect  local 
conditions.  The  degree  of  toxicity 
toward  aquatic  organisms  and  humans 
characteristic  of  these  pollutants  would 
not  chance  significantly  due  to  local 
water  quality  conditions*. 

.  :'-EPA  is  examining  a  series  of 
environmental  factors  or  water  quality 
parameters  which  might  realistically  be 
expected  to  affect  the  laboratory- 
derived  water  quality  criterion 
recommendation  fora  specific  pollutant. 
Factors  such  as  hardness.  pH. 
suspended  solids,  types  of  aquatic 
organisms  present,  etc.  could  impact  on 
the  chemical's  effect  in  the  aquatic 
environment.  Therefore,  local 
information  can  be  assembled  and 
analyzed  to  adjust  the  criterion 
recommendation  if  necessary. 

The  Guidelines  for  deriv.ng  criteria  for 
the  protection  of  aquatic  lie  suggest 
leveral  approaches  for  modifying  the 
criteria.  First,  toxicity  data,  both  acute 
and  chronic,  for  local  species  could  be 
substituted  for  some  or  all  of  the  species 
used  in  deriving  criteria  for  the  water 
quality  standard.  The  minimum  data 
requirements  should  still  be  fulfilled  in 
calculating  a  revised  criterion.  Second. 
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criteria  may  be  specifically  tailored  to 
local  water  body  by  use  of  data  from 
toxicity  tests  performed  with  that 
ambient  water.  A  procedure  such  es  th: 
would  account  for  lccal  environment’ 
conditions  In  formulating  a  criterion 
relevant  to  the  local  water  body.  Third, 
site-spedfic  water  quality 
characteristics  resulting  in  either 
enhancement  or  mitigation  of  aquatic 
life  toxicity  for  the  pollutant  could  be 
factored  into  final  formulation  of  the 
criterion.  Finally,  the  criteria  may  be 
made  more  stringent  to  ensure 
protection  of  an  individual  species  no! 
otherwise  adequately  protected  by  an; 
of  the  three  modification  procedures 
previously  mentioned. 

EPA  does  not  intend  to  have  States 
assess  every  local  stream  segment  er.d 
lake  in  the  country  on  an  individual 
basis  before  determining  if  en 
adjustment  is  necessary.  Rather,  it  is 
envisioned  that  water  bodies  having 
similar  hydrological,  chemical,  physicc. 
and  biological  properties  will  be 
grouped  for  the  purpose  of  criteria 
adjustment- The  purpose  of  this  effort  i 
to  assist  States  in  adapting  the  section 
304(a)  criteria  to  local  conditions  whs. 
needed,  thereby  precluding  the  settinc 
arbitrary  and  perhaps  unnecessarily 
stringent  or  underprotective  criteria  ir. 
water  body.  In  all  cases.  EPA  will  sui¬ 
te  required,  pursuant  to  section  3C3fc 
to  determine  whether  the  State  water 
quality  standards  are  consistent  with 
the  goals  of  the  Act.  including  a 
determination  of  whether  Stale- 
established  criteria  are  adequate  to 
support  a  desigr.eted  use. 

Criteria  for  the  Protection  cf  Aquatic 

Life 

Interpretation  of  the  Criteria 

The  aquatic  life  criteria  issued  today 
are  summarized  in  Appendix  A  of  th:. 
Federal  Register  notice.  Criteria  have 
been  formulated  by  applying  a  set  c: 
Guidelines  to  a  data  base  for  each 
pollutant.  The  criteria  fer  the  proiecur. 
of  aquatic  life  specify  pollutant 
concentrations  which,  if  not  exceeded 
should  protect  most,  but  not  necessar.. 
all.  aquatic  life  and  its  uses.  The 
Guidelines  specify  that  criteria  should 
be  based  on  sn  array  of  data  from 
organisms,  both  plant  and  enima;. 
occupying  various  trophic  levels.  Hasf 
on  these  data,  criteria  can  be  cerrvec 
which  should  be  adequate  to  protrci 
types  of  organisms  necessary  to  supp 
an  aquatic  community. 

The  Guidelines  are  not  designed  t- 
derive  criteria  which  will  proiec;  «.!  1: 
stages  of  all  species  under  all 
conditions  Generally  some  life  stare 
one  or  more  tested  species,  and 
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robably  some  untested  species,  will 
eve  sensitivities  below  the  maximum 
value  or  the  24-hour  average  under  some 
conditions  and  would  be  adversely 
aflected  if  the  highest  allowable 
pollutant  concentrations  and  the  worst 
conditions  existed  for  a  long  time,  la 
actual  practice,  such  a  situation  is  not 
likely  to  occur  and  thus  tha  aquatic 
community  as  a  whole  will  nonrally  be 
protected  if  the  criteria  are  not 
exceeded.  In  any  aquatic  community 
there  is  a  wide  range  of  individual 
species  sensitivities  to  the  effects  of 
toxic  pollutants.  A  criterion  adequate  to 
protect  the  most  susceptible  life  stage  of 
the  most  sensitive  species  would  in 
many  cases  he  more  stringent  than 
necessary  to  protect  the  overall  aquatic 
community. 

The  aquatic  life  criteria  specify  both 
maximum  and  24-hour  average  values. 
The  combination  of  the  two  values  is 
designed  to  provide  adequate  protection 
of  aquatic  life  and  its  uses  from  acute 
and  chronic  toxicity  and 
bioconcentration  without  being  as 
restrictive  as  a  one-number  criterion 
would  have  to  be  to  provide  the  same 
amount  Of  protection.  A  time  period  of 
24  hours  was  choaen  in  order  to  ensure 
that  concentrations  not  reach  harmful 
levels  for  unapceptably  long  periods. 
Averaging  for  longer  periods,  such  as  a 
week  or  a  month  for  example,  could 
permit  high  concentrations  to  persist 
long  enough  to  produce  significant 
adverse  effects.  A  24-hour  period  was 
chosen  instead  of  a  slightly  longer  or 
shorter  period  in  recognition  of  daity 
fluctuations  in  waste  discharges  and  of 
the  influence  of  daily  cyd  s  of  sunlight 
and  darkness  and  tempers  ture  on  both  , 
pollutants  and  aquatic  organisms. 

The  maximum  value,  which  is  derived 
from  acute  toxidty  data,  prevents 
*  significant  risk  of  adverse  impact  to 
organisms  exposed  to  concentrations 
above  the  24-hour  average.  Merely 
specifying  the  average  value  over  a  _ 
specified  time  period  is  insufficient 
because  concentrations  of  chemicals 
higher  than  the  average  value  can  kill  or 
cause  irreparable  damage  in  short 
periods.  Furthermore,  for  some 
chemicals  the  effect  of  Intermittent  high 
exposures  is  cumulative.  It  is  therefore 
necessary  to  place  an  upper  limit  on 
pollutant  concentrations  to  which 
aquatic  organisms  might  be  exposed. 
The  two-number  criterion  is  intended  to 
descr.be  the  highest  average  ambient 
water  concentration  which"  will  produce 
a  water  quality  generally  suited  to  the 
maintenance  of  aquatic  life  while 
restricting  the  extent  ar.d  duration  of  the 
excursions  over  that  average  !c  levels 
which  w.l!  not  cause  harm  The  only 


way  to  assure  the  same  degree  of 
protection  with  a  one-number  criterion 
would  be  to  use  the  24-hour  average  as  a 
concentration  that  is  not  to  be  exceeded 
at  any  time  in  any  place. 

Since  tome  substances  may  be  more 
toxic  in  freshwater  than  in  saltwater,  or 
vice  vena,  provision  is  made  for 
deriving  separate  water  quality  criteria 
for  freshwater  and  for  saltwater  for  each 
substance.  However,  for  some 
substances  sufficient  data  may  not  be 
available  to  derive  one  or  both  of  these 
criteria  using  the  Guidelines. 

Specific  aquatic  life  criteria  have  not 
been  developed  for  all  of  the  65  toxic 
pollutants.  Ln  those  cases  where  there 
were  insufficient  data  to  allow  the 
derivation  of  a  criterion,  narrative 
descriptions  of  apparent  threshold  levels 
for  acute  and/or  chronic  effects  based 
on  the  available  data  are  presented. 
These  descriptions  are  intended  to 
convey  a  sense  of  the  degree  of  toxicity 
of  the  pollutant  in  the  absence  of  a 
criterion  recommendation. 

Summary  of  the  Aquatic  Life  Guidelines 

The  Guidelines  for  Deriving  Water 
Quality  Criteria  for  the  Protection  of 
Aquatic  Life  and  its  Uses  were 
developed  to  describe  an  objective, 
internally  consistent,  and  appropriate 
way  of  ensuring  that  water  quality 
criteria  for  aquatic  life  would  provide, 
on  the  average,  a  reasonable  amount  of 
protection  without  an  unreasonable 
amount  of  overprotection  or 
underprotection.  The  resulting  criteria 
are  not  intended  to  provide  ICO  percent 
protection  of  all  species  and  ail  uses  of 
aquatic  life  all  of  the  time,  but  they  are 
intended  to  protect  most  species  in  a 
balanced,  healthy  aquatic  community. 
The  Guidelines  are  published  as 
Appendix  B  of  this  Notice.  Responses  to 
public  comments  on  these  Guidelines 
are  attached  as  Appendix  D. 

Minimum  data  requirements  are 
identified  in  four  areas:  acute  toxicity  to 
animals  (eight  data  points),  chronic 
toxicity  to  animals  (three  data  points), 
toxicity  to  plants,  and  residues. 

Guidance  is  also  given  for  discarding 
poor  quality  data. 

Data  on  acute  toxicity  are  needed  for 
a  variety  of  fish  and  invertebrate 
species  and  are  used  to  derive  a  Final 
Acute  Value.  By  taking  into  account  the 
number  and  relative  sensitivities  of  the 
tested  species,  the  Final  Acute  Value  is 
designed  to  protect  most,  but  not 
necessarily  all.  of  the  tested  and 
untested  species. 

Data  on  chronic  toxicity  to  animals 
can  be  used  to  derive  a  Fma!  Chronic' 
Value  by  two  different  means.  If  chronic 
values  are  available  for  a  specified 
number  anc  arrav  of  SDecies.  a  fir.a! 


chronic  value  can  be  calculated  directly. 
If  not  an  acute-chronic  ratio  is  derived 
and  then  used  with  the  Final  Acute 
Value  to  obtain  the  Final  Chronic  Value. 

The  Final  Plant  Value  ia  obtained  by 
selecting  the  lowest  plant  toxicity  value 
based  on  measured  concentrations. 

The  Final  Residue  Value  is  intended 
to  protect  wildlife  which  consume 
aquatic  organisms  and  the  marketability 
of  aquatic  organisms.  Protection  of  the 
marketability  of  aquatic  organisms  is.  in 
actuality,  protection  of  a  use  of  that 
water  body  (“commercial  fishery”).  Two 
kinds  of  data  are  necessary  to  calculate 
the  Final  Residue  Value:  a 
bioconcentration  factor  (BCF)  ar.d  a 
maximum  permissible  tissue 
concentration,  which  can  be  an  FDA 
action  level  or  can  be  the  result  of  a 
chronic  wildlife  feeding  study.  For  lipid 
soluble  pollutants,  the  BCF  is 
normalized  for  percent  lipids  and  then 
the  Final  Residue  Value  is  calculated  by 
dividing  the  maximum  permissible 
tissue  concentration  by  the  normalized 
BCF  and  by  an  appropriate  percent  lipid 
value.  BCFs  are  normalized  for  percent 
lipids  since  the  BCF  measured  for  any 
individual  aquatic  species  is  generally 
propornonal  to  the  percent  lipids  in  that 
species. 

If  sufficient  data  are  available  to 
demonstrate  that  one  or  more  of  the 
final  values  should  be  related  to  a  water 
quality  characteristic  such  as  salinity, 
hardness,  or  suspended  solids,  the  final 
value(s)  are  expressed  as  a  function  of 
that  characteristic. 

After  ike  four  final  values  (Final 
Acute  Value.  Final  Chronic  Value.  Final 
Plant  Value,  and  Final  Residue  Value] 
have  been  obtained,  the  criterion  is 
established  with  the  Final  Acute  Value 
becoming  the  maximum  value  and  the 
lowest  of  the  other  three  values 
becoming  the  24-hour  average  value  .All 
of  the  data  used  to  calculate  the  four 
final  values  and  any  additional  pertinent 
information  are  then  reviewed  to 
determine  if  the  cr.tertoa  is  reasonable 
If  sound  scientific  evidence  indicates 
that  the  criterion  should  be  raised  or 
lowered,  appropriate  changes  are  mace 
as  necessary. 

The  present  Guidelines  have  been, 
revised  from  the  earlier  published 
versions  (43  FR  21506.  May  18.  1976:  43 
FR  29028.  July  5. 1978.  44  FR  15926. 

March  15.  1979)  Details  have  been 
added  in  many  places  and  the  concept 
of  a  minimum  data  base  has  been 
incorporated.  In  addition,  three 
adjustment  factors  and  the  sper.es 
sensitivity  factor  have  been  deleted 
These  modifications  were  the  result  c: 
the  Agency's  analysis  of  pufcl.c 
comments  ar.d  comments  received  fro—, 
the  Science  Adv iscry  Ecard  on.  ea:..e- 
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versions  of  the  Guidelines.  These 
comments  er.d  the  Resultant 
modifications  are  a'diressed  fully  in 
Appendix  D  to  this  notice. 

Criteria  for  the  Protection  of  Human 
Health 

Interpretation  of  the  Hunan  Health 
Criteria 

The  human  health  criteria  issued 
today  are  summarized  *n  Appendix  A  of 
this  Federal  Register  rotice.  Criteria  for 
the  protection  of  human  health  are 
presented  for  62  of  the  65  pollutants 
based  on  their  carcinogenic  toxic  or 
organoleptic  (taste  i  r.d  odor)  properties. 
The  meanings  and  practical  uses  of  the 
criteria  values  are  distinctly  different 
depending  on  the  properties  on  which 
they  art  based. 

The  objective  of  the  health 
assessment  portions  of  the  criteria 
documents  is  to  estimete  ambient  water 
concentrations  which,  in  the  case  of 
non-carcinogens,  prevent  adverse  health 
effects  in  humans,  and  ir»  the  case  of 
suspect  or  proven  carcinogens,  represent 
various  levels  of  incremental  cancer 
risk. 

Health  assessments  typically  contain 
discussions  of  four  elements:  Exposure, 
phermacokinetics.  toxic  effects,  and 
criterion  formulation. 

The  exposure  section  summarizes 
information  cn  exposure  routes: 
ingestion  direct! y  from  water,  indirectly 
from  consumption  of  aquatic  organisms 
found  in  ambient  water,  other  dietary 
sources,  inhalation,  and  dermal,  contact. 
Exposure  assumptions  are  used  to 
derive  human  health  criteria.  Most 
criteria  are  based  solely  on  exposure 
from  consumption  of  water  containing  a 
specified  concentration  of  a  toxic 
pollutant  and  through  consumption  of 
aquatic  organisms  which  are  assumed  to 
heve  bioconcentrated  pollutants  from 
the  water  in  which  they  live.  Other 
multimedia  routes  of  exposure  such  as 
air.  r.on-aquatic  diel  or  dermal  are  not 
factored  into  the  criterion  formulation 
for  the  vast  majority  of  pollutants  due  to 
lack  of  data.  The  criteria  are  calculated 
using  the  combined  aquatic  exposure 
pathway  and  also  using  the  aquatic 
organism  ingestion  exposure  route 
alone.  In  criteria  reflecting  both  the 
water  consumption  and  aquatic 
organism  ingestion  routes  of  exposure, 
the  relative  exposure  contribution  varies 
with  the  propensity  of  a  pollutant  to 
biocor.centrate.  with  the  consumption  of 
aquatic  organisms  becoming  more 
important  as  the  bioconcentration  factor 
(BCF)  increases.  As  additional 
information  or.  total  exposure  is 
assembled  for  pollutants  lor  which 
criteria  reflect  only  the  two  specified 


aquatic  exposure  routes,  adjustments  In 
wiler  concentration  values  may  be 
made.  The  Agency  intends  publish 
guidance  which  will  permit  »  States  to 
identify  significantly  diflere...  exposure 
pt, Items  for  their  populations.  If 
warranted  by  the  demonstration  of 
aignifica ntly  different  exposure  patterns, 
this  will  become  an  element  of  a  process 
to  adapt/modify  human  health-based 
criteria  to  local  conditions,  somewhat 
analogous  to  the  aquatic  life  criteria 
modification  process  discussed 
previously.  it  is  anticipated  that  States 
at  their  discretion  will  be  able  to  set 
appropriate  human  health  criteria  based 
on  this  process. 

The  pharmacokinetics  section  reviews 
data  on  absorption,  distribution, 
metabolism,  and  excretion  to  assess  the 
biochemical  fate  of  the  compounds  in 
the  human  and  animal  system  The  toxic 
effects  section  reviews  data  on  acute, 
subacute,  and  chronic  toxicity, 
synergistic- and  antagonistic  effects,  and 
specific  information  cn  mutagenicity, 
teratogenicity,  and  carcinogenicity. 

From  this  review,  the  toxic  effect  to  be 
protected  against  is  Identified  taking 
Into  account  the  quality,  quantity,  and 
weight  of  evidence  characteristic  of  the 
data.  The  criterion  formulation  section 
reviews  the  highlights  of  the  text  and 
specifies  a  rationale  for  criterion 
development  and  the  mathematical 
derivation  of  the  criterion  number. 

Within  the  limitations  of  time  and 
resources,  current  published  information 
of  significance  was  incorporated  into  the 
human  heai‘.h  assessments.  Review 
articles  end  reports  were  used  for  data 
evaluation  er.d  synthesis.  Scientific 
judgment  was  exercised  in  reviewing 
and  evaluating  the  data  in  each  criteria 
documen  and  in  identifying  the  adverse 
affects  io  •  which  protective  criteria  were 
published. 

Specific  health-based  criteria  are 
developed  only  if  a  weight  of  evidence 
supports  the  occurrence  of  the  toxic 
effect  and  if  dose/response  data  exist 
from  which  criteria  can  be  estimated. 

Criteria  for  suspect  or  proven 
carcinogens  are  presented  as 
concentrations  in  water  associated  with 
a  range  of  incremental  cancer  risks  to 
man.  Criteria  for  non-cardnogens 
represent  levels  at  which  exposure  to  a 
n ingle  chemical  is  not  anticipated  to 
produce  adverse  effects  in  man.  In  a  few 
cases,  organoleptic  (taste  and  odor)  data 
!orm  the  basis  for  the  criterion.  While 
this  type  of  criterion  does  not  represent 
a  value  which  directly  affects  human 
health,  it  is  presented  as  an  estimate  of 
the  level  of  a  pollutant  that  will  not 
produce  unpleasant  taste  or  odor  either 
directly  from  water  consumption  c' 
indirectly  by  consumption  of  aquatic 


organisms  found  In  ambient  waters 
criterion  developed  in  this  manner 
Judged  to  be  at  useful  as  other  types 
criteria  In  protecting  designated  wi: 
uses.  In  addition,  where  csia  are 
available,  toxicity-based  criteria  are 
also  presented  for  pollutants  with 
derived  organoleptic  criteria.  The  ci : 
of  criteria  used  in  water  quality- 
standards  for  these  pollutants  wifi 
depend  upon  the  designated  use  to  fcr 
protected.  In  the  case  of  a  multiple  •_ 
water  body,  the  criterion  protecting 
most  sensitive  use  will  be  applied 
Finally,  for  several  pollutants  no  cri: 
are  recommended  due  to  a  lack  of 
information  sufficient  lor  quantitatr 
criterion  formulation. 

Risk  Extrapolation 

Because  methods  do  not  now  cxir 
establish  the  presence  of  a  thresboic 
carcinogenic  effects.  EPA’s  policy  is 
there  it  no  scientific  basis  for  estim: 
"safe"  levels  for  carcinogens.  Tne 
criteria  for  carcinogens,  therefore,  s: 
that  the  recommended  concentration 
maximum  protection  of  human  hcaitr  ! 
zero.  In  addition,  the  Agency  has 
presented  a  range  of  concentrations 
corresponding  to  increment',  cancer 
risks  of  10_T  to  10** (cr.e  additional  : 
of  cancer  in  population;  ranging  saz 
ten  million  to  100.001  respectively). 
Other  concentrations  representing 
different  risk  levels  may  be  nalcuiaic  I 
by  use  of  ice  Guidelines.  The  r.sk  i 
estimate  range  is  presented  fer 
information  purposes  and  does  rc  j 
represent  an  Agency  judgment  cr. 
"acceptable"  risk  level. 

Summary  of  the  Horten  Health 
Guidelines 

The  health  assessments  and 
corresponding  criieria  published  tc  da  . 
were  derived  based  on  Guidelines  r.r 
Methodology  Used  in  the  Prepare:,  z. 
Health  Effect  Assessment  Chapters  . 
the  Consent  Decree  Water  Criteria 
Documents  (the  Guidelines)  develop : 
by  EPA's  Office  of  F,eserch  anc 
Development.  Tne  estimation  of  he  a.: 
risks  associated  with  human  exposure 
environmental  pollutants  requires 
predicting  the  effect  of  low  dose « fc:  l 
to  a  lifetime  in  duration.  A  comhir.ar.c 
of  epidemiological  and  eruma!  d*  se/ 
response  data  is  considered  the 
preferred  basis  for  quer.tirative  cn:*:. 
derivation.  Tfle  complete  Guidelines  ; 
presented  as  Appendix  C  Major  iss. 
associated  with  these  Guidelines  a.-.c 
reeponses  to  public  comments  are 
presented  as  Appendix  E 

No-tffect  (non-carc. ncger.J  or 
specified  risk  (carcinogen) 
concentrations  were  estimated  b; 
extrapolation  frem  animal  tcxic.tv  cr 
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human  epidemiology,  studies  using  the 
following  basic  exposure  assumptions:  a 
70-kilogram  male  person  [Report  of  the 
Task  Croup  on  Reference  Man. 
International  Commission  for  Radiation 
Protection.  November  23. 1957)  as  the 
exposed  individual  the  average  daily 
consumption  of  freshwater  and 
estuarine  fish  and  shellfish  products 
equal  to  6J  grams/day,  and  the  average 
ingestion  of  two  liters/day  of  water 
{ Drinking  Water  and  Health  National 
Academy  of  Sciences,  National 
Research  Council.  1977).  Criteria  based 
on  these  assumptions  are  estimated  to 
be  protective  of  an  adult  male  who 
experiences  average  exposure 
conditions. 

Two  basic  methods  were  used  to 
formulate  health  criteria,  depending  on 
whether  the  prominent  adverse  effect 
was  cancer  or  ofher  toxic 
manifestations.  The  following  sections 
detail  these  methods. 

Carcinogens 

Extrapolation  of  cancer  responses 
from  high  to  low  doses  and  subsequent 
risk  estimation  from  animal  data  is 
performed  using  a  linearized  multi-stage 
model.  This  procedure  is  flexible  enough 
to  fit  all  monotonically-increasing  dose 
response  data,  since  it  Incorporates 
several  adjustable  parameters.  Tbe 
multi-stage  model  is  a  linear  non¬ 
threshold  model  as  was  the  "one-hit’’ 
model  originally  used  in  the  proposed 
criteria  documents.  The  linearized  multi¬ 
stage  model  and  its  characteristics  are 
described  fully  in  Appendix  C.  The 
linear  non-threshold  concept  has  been 
endorsed  by  the  four  agencies  in  the 
Int»  ragency  Regulatory  Liaison  Group 
anc  is  less  likely  to  underestimate  risk 
at  lie  low  doses  typical  of 
environmental  exposure  than  other 
models  that  could  be  used.  Because  of 
the  uncertainties  associated  with  dose 
response,  animal-to-human 
extrapolation  and  other  unknown 
factors,  because  of  the  use  of  average 
exposure  assumptions,  and  because  of 
the  serious  public  health  consequences 
that  could  result  if  risk  were 
underestimated.  EPA  believes  that  it  is 
prudent  to  use  conservative  methods  to 
estimate  risk  in  the  water  quality 
criteria  program.  The  linearized 
multistage  model  is  more  systematic  and 
invokes  fewer  arbitrary  assumptions 
than  the  “one-hit"  procedure  previously 
used. 

It  should  be  noted  that  extrapolation 
models  provide  estimates  of  risk  since  a 
var.tey  of  assumptions  are  built  into  any 
model  Models  using  widely  different 
assumptions  may  produce  estimates 
ranging  over  several  orders  of 
-tacn.tuce  Since  there  s  ai  pi-eser.:  no 


way  to  demonstrate  the  scientific 
validity  of  any  model  the  use  of  risk 
extrapolation  models  Is  a  subject  of 
debate  in  the  scientific  community. 
However,  risk  extrapolation  is  generally 
recognized  as  the  only  tool  available  at 
this  time  for  estimating  the  magnitude  of 
health  hazards  associated  with  non¬ 
threshold  toxicants  and  has  been 
endorsed  by  numerous  Federal  agencies 
and  scientific  organizations,  including 
EPA’s  Carcinogen  Assessment  Croup, 
tha  National  Academy  of  Sciences,  and 
the  Interagency  Regulatory  Liaison 
Group  as  a  useful  means  of  assessing 
the  risks  of  exposure  to  various 
carcinogenic-pollutants. 

Non-Carcinogens 

Health  criteria  based  on  toxic  effects 
of  pollutants  other  than  carcinogenicity 
are  estimates  of  concentrations  which 
are  not  expected  to  produce  adverse 
*  effects  in  humans.  They  are  based  upon 
Acceptable  Daily  Intake  {ADI)  levels 
and  are  generally  derived  using  no- 
observed-adverse-effect-level  (NOAEL). 
data  from  animal  studies  although 
human  data  are  used  wherever 
available.  The  ADI  is  calculated  using 
safety  factors  to  account  for 
uncertainties  inherent  in  extrapolation 
from  animal  to  man.  In  accordance  with 
the  National  Research  Council 
recommendations  (Drinking  Water  and 
Health.  National  Academy  of  Sciences. 
National  Research  Council.  1977).  safety 
factors  of  10. 100,  or  1.000  are  used 
depending  on  the  quality  and  quantity  of 
data.  In  some  instances  extrapolations 
are  made  from  inhalation  studies  or 
limits  to  approximate  a  human  response 
from  ingestion  using  the  Stokingec- 
Woodward  model  (Journal  of  American 
Water  Works  Association.  1958). 
Calculations  of  criteria  from  ADJs  are 
made  using  the  standard  exposure 
assumptions  (2  Iters  of  water.  8.5  grams 
of  edible  aquatic  products,  and  an 
average  body  weight  of  70  kg). 

Dated:  October  24.  1980. 

Douglas  M.  Costle. 

Administrator. 

Appendix  A— Summary  of  Water 
Quality  Criteria 

Acenaphthene 

Freshwater  Aquatic  Life 

The  available  data  for  acenaphthene 
indicate  that  acute  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  1.700  jig/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxicity  of  acenaphthene  to 
sensitive  freshwater  aquatic  animals  but 


toxicity  to  freshwater  algae  occur  at 
concentrations  as  low  as  520  jig/L 

Saltwater  Aquatic  Life 

The  available  data  for  acenaphthene 
indicate  that  acute  and  chronic  toxicity 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  970  and  710 

tag/1,  respectively,  and  would  occur  at 
ower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  Toxicity  to  algae  occurs  at 
concentrations  as  low  as  500  jig/L 

Human  Health 

Sufficient  data  is  not  available  for 
acenaphthene  to  derive  a  level  which 
would  protect  against  the  potential 
toxicity  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimate 
level  is  20  jig/1.  It  should  be  recognize 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Acrolein 

Freshwater  Aquatic  Life 

The  available  data  for  acrolein 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  l:fe  occurs  at 
concentrations  as  low  as  68  and  21  ug/’l. 
respectively,  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

Scltwaier  Aquatic  Life 

The  available  data  for  acrolein 
indicate  tbat  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  as  55  pg/l  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  acrolein  to  sensitive 
saltwater  aquatic  life. 

Human  Health 

For  the  protection  of  human  health 
from  the  toxic  properties  of  acrciem 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  320  Kg/1- 

For  the  protection  of  human  health 
from  the  toxic  properties  of  acrolein' 
ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  780  Kg/’’.- 

Acrylonitrile 

Freshwater  Aquatic  L.:e 

The  available  data  for  acrylonitrile 
incicate  that  .cute  toxicity  to  freshwaier 
aq-a;:c  l  ie  occurs  at  ccncer.tra ncrts  os 


T!  u 
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Tt*v  it  7,550  pg/1  and  would  occur  at 
lower  concentrations  among  tpebet 
that  are  more  aemitfve  than  those 
tested.  No  definitive  df  ta  are  available 
Concerning  the  chronic  toxicity  of 
acrylonitrile  to  sensitive  freshwater 
aquatic  life  but  mortality  occur*  at 
concentrations  as  low  as  2.600  p.g/1  with 
a  fish  species  exposed  for  30  day*. 

Saltwater  Aquatic  Life 

Only  one  saltwater  spedes  has  been 
tested  with  acrylonitrile  and  no 
statement  can  be  made  concerning  acute 
or  chronic  toxidry.  „  • 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  acrylonitrile 
through  Ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*,  10"'.  and  10"’.  The 
corresponding  criteria  are  .58  pg/1.  -053 
pgA  and  006  p.g/L  respectively.  If  the 
above  estimates  are  made  for. 
consumption  or aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  6-5  jig/1,  AS  pg/L  and  065  n%] 

L  respectively.  Other  concentrations 
representing  different  risk  levels  may  be  . 
calculated  by  use  of  the  Guideline*.  The 
risk  estimate  range  is  presented  for  - 
information  purposes  and  does  not 
represent  an  Agency. judgment  on  an 
•'acceptable"  risk  level.  . - '  '  - 

Aldrin-Dieldrin  - 

..  ..  .. 

Dieldrin  *  ‘ 

Freshwater Aquatic  Life 

For  dieldrin  the  criterion  to  protect 
fresh  water  aquatic  life  as  derived  using 
the  Guidelines  is  Q.0C19  pg/1  as  a  24- 
hoor  average  and  the  concentration 
should  not  exceed  2-5  pg/1  at  any  time. 

Saltwater  Aquatic  Life  .. 

For  dieldrin  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  using  ' 
the  Guideline*  is  0.0019  pg/1  as  a  24- 
hour  average  and  the  concentration 
should  not  exceec  0.71  pg/1  at  any  .time. 

Human  Health  ' 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  dieldrin  _ 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 


assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  Incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*,  10"*.  and  10"’.  The 
corresponding  criteria  are  71  ngA.  .071 
ng/L  and  .0071  ngA.  respectively.  If  the 
above  estimates  are  made  for 
'consumptioirbf  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  .78  ngA.  .076  ngA.  and  .0078 
ngA  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not  . 
represent  an  Agency  judgment  on  an 
^acceptable"  risk  leveL 

Aidrin 

Freshwater  Aquatic  Life 

For  freshwater  aquatic  life  the 
concentration  of  aidrin  should  not 
exceed  3.0  pgA  at  any  time.  No  data  are 
available  concerning  the  chronic  toxicity 
of  aidrin  to  sensitive  freshwater  aquatic 
life. 

Saltwater  Aquatic  Life 

For  saltwater  aquatic  life  the  . 
'concentration  of  aJdrin  should  not 
exceed  1-3  pg/1  at  any  time.  No  data  are 
available  concerning  the  chronic  toxicity 
.of  aidrin  to  sensitive  saltwater  aquatic 


Human  Health 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
'  effects  due  to  exposure  of  aidrin  through 
ingestion  of  contaminated  water  and- 
.  contaminated  aquatic  organisms,  the  . 
ambient  water  concentration  should  be  - . 
‘zero  based  on  the  noo- threshold 
assumption  for  this  chemical. "However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of  * 
cancer  risk  over  the  lifetime  are 
estimated  at  10“*,  20"*,  and  ltr’  The 
corresponding  criteria  are  .74  tsg/1.  .074 
ng/l,  and  .0074  ng/l,  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  .79  ng/l.  .079  ng/l,  and,  .0079 
ng/l.  respectively.  Other  concentre tions 
respresenting  different  risk  levels  may 
be  calculated  by  use  of  the  Guidelines. 
The  risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency*  judgment  on  an  . 
•■acceptable"- nsk  level 


Antimony 

Freshwater  Aquatic  Life 

The  available  data  for  antimony 
Indicate  that  acute  and  chronic  toxic;*; 
to  freshwater  aquatic  life  occur  at 
concentrations  as  low  as  9.000  and 

{ig/L  respectively,  and  would  occur  at 
ower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  Toxicity  to  algae  occurs  at 
concentrations  as  low  as  810  pg/L 

'  Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
adequately  tested  with  antimony,  arc 
no  statement  can  be  made  conceroir.r 
acute  or  chronic  toxicity. 

Human  Health 

For  the  protection  of  human  health 
from  Jhe  toxic  properties  of  antimony- 
ingested  through  water  and 
•  contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  dcte.-mic. 
be  148  ug/L 

For  tne  protection  of  human  health 
from  the  toxic  properties  of  antimony 
ingested  through  contaminated  aquat;:. 
organisms  alone,  the  ambient  water 
criterion  b  determined  to  be  45.000  ^ 

Arsenic 

Fresh  water  Aquatic  Life 

For  freshwater  aquatic  life  the 
concentration  of  total  recoverable 
trivalent  inorganic  arsenic  should  no! 
exceed  440  pg/1  at  any  time.  Short-tar 
‘  effects  on  embryos  and  larvae  of  aqu  • 
vertebrate  species  have  beer,  shewn 
occur  at  concentrations  as  low  a; 

1. 

Saltwater  Aquatic  Life 

The  available  data  for  total 
recoverable  trivalent  inorganic  arseru 
Indicate  that  acute  toxicity  to  lalrwa* 
aquatic  life  occurs  at  concentration; 
low  as  598  pgA  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concer- 
tbe  chronic  toxicity  of  trivaler.t 
Inorganic  arsenic  to  sensitive  saltwe 
aquatic  life. 

Human  Health 

For  the  maximum  protection  of  bur 
health  from  the  potential  carcinogen, 
effects  due  to  exposure  of  arsenic 
through  ingestion  of  can  leave  elect  w 
and  contaminated  aquatic  orysrusm- 
the  ambient  water  concentration  she 
be  zero  based  on  the  non-thresho’.d 
assumption  for  this  chemical.  Howe-, 
zero  level  may  not  be  attainable  at  •_ 
present  time.  Therefore,  the  levels  w 
may  result  in  incremental  increase  c 
cancer  risk  over  the  lifetime  are 
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estimated  it  10"*.  10"*.  *nd  10"*.  Tbs  • 
corresponding  criteria  ire  22  ng/L  2.2 
ng/L  and  32ng/l.  respectively.  If  the 
above  estimates  ire  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  wa  ter.  the 
levels  are  175  ng/L  17.3  ng/L  and  1 .75 
ng/l  respectively.  Other  concentrations 
representing  diflerent  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for  ■_»  v' 
Information  purposes  and  does  not  -  '  V 
represent  an  Agency  judgment  an  «n  • 
“acceptable"  risk  leveL  _  ■ 

Asbestos  .  - 

Freshwater  Aquatic  Life  ' 

No  freshwater  organisms  have  been 
testelTwith  any  asbestiform  mineral  and 
no  atatenent  can  be  made  concerning 
acute  or  chronic  toxicity.  -  •  -  *-•  •.  v  -■t~ 

Saltwater  Aquatic  Life  '  ’  '• 


low  as  5.100  pg  A  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive- than  those 
tested.  No  definitive  data  are  available 
concerning  the  chronic  toxicity  of 
benzene  to  sensitive  saltwater  aquatic 
life,  but  adverse  effects  occur  at 
concentrations  as  low  as  700  pg/1  with  a 
fish  species  exposed  for  163  days.  f 

Human  Health  " 

"  'For  the  maximum  protection  of  human 
■•health  from  the  potential  carcinogenic 
1  effects  dua  to  exposure  of  benzene' 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
.  be  zero  based  on  the  non-threshold 
assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainable  at  the  , 
present  time.  Therefore,  the  levels  which 
'  may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 


No  saltwater  organisms  have  been  r  .estimated  at  10  , 10  ,  and  10  .  The 
tested  with  any  asbestiform  mineral  and  _  corresponding  criteria  are  6.6  \fVf-  -AS 
no  statement  can  be  made  concerning  and  .066  p.g/L  respectively.  If  the 

acute  or  chronic  toxicity.  -  above  estimates  are  made  for  _  . 

.  .  -  ..  •  consumption  of  aquatic  qrganisms  only. 

Human  Health  .  excluding  consumption  of  water,  the 

For  the  maximum  protection  of  human  levels  are  400  p. g/l  40.0  pg/l  and  4.0  pg/ 
health  from  the  potential  carcinogenic  .  I  respectively.  Other  concentrations 
effects  due  to  exposure  of  asbestos  T:  -  representing  different  risk  levels  may  be 
through  Ingestion  of  contaminated  water  calculated  by  use  of  the  Guidelines.  The 
and  contaminated  aquatic  organisms,  •  risk  estimate  range  is-presented  for 
the  ambient  water  concentration  should--"  information  purposes  and  does. not 
be  zero  baaed  on  the  non-thresho'ld  represent  an  Agency  judgment  on  an 


cancer  risk  over  the  lifetime  are 
estimated  at  10"*.  10"*.  and  10"*.  The 
■  corresponding  criteria  are  1.2  ng/l.  J.2 
ng/l,  and  .01  ng/l:  respectively.  If  the 
above  estimates  are  made  for 
‘  consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  53  ng/l.  33  ng/l.  and  .05  ng / 
1,  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  Is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
“acceptable"  risk  level 

Beryllium  '  _  ^ 

Freshwater  Aquatic  Life 

The  available  data  for  beryllium 
Indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occurs  at 
•  concentrations  as  low  as  130  and  5.3  jig 
L  respectively,  and  would  occur  at  lower 
concentrations  among  species  that  ere  • 
more- sensitive  than  those  tested. 
Hardne'ss  has  a  substantial  effect  on 
scute  toxicity. 

Salt  water  Aquctic  Life  - 

The  limited  saltwater  data  base 
available  for  beryllium  does  not  permit 
any  statement  concerning  acute  or 
chronic  toxicity- 

Human  Health 

_.  For  the  maximum  protection  of  human 


assumption  for  this  chemicaL  However,  .  “acceptable"  risk  leveL  -• 
zero  level  may  not  be  attainable  at  the  '  Benzidine  '  .  •  •- 

present  time.  Therefore,  the  levels  which  -  .  -  /. 

may  result  in  incremental  increase  of  .  Freshwater  Aquatic  Life 
cancer  risk  over  the  lifetime  are  __  '  The  available  data  for  benzidine 

estimated  at  10  .  Iff"  ,  and  10  ,  The  t-vfndicate  that  acute  to'xJrity  to  freshwater 

corresponding  aiteria  are  OTaOOO  "aquSt5c  life  occurs  at  concentrations  as" 

fibers/ 1.30 .000  Gbers/1.  and  3-000  fibers/  \cw  as  2300  figj  1  and  would  occur  at 
1.  respectively.  Other  concentrations  .  lower  concentrations  among  specie j 
representing  different  risk  levels  maybe  ;  ^  are  mort  Mrultjye  ^an  those 
calculated  by  use  of  the  Guidelines.  The  _  lestei  No  data  are  8Vai)able  concerning 
risk  estimate  range  is  presented  for  w  ;  the  chronic  toxicity  of  benzidine  to  ' 
information  purposes  and  does  not  aensitive  freshwater  aquatic  life, 

represent  an  Agency  judgment  on  an  _  .  v  ;■-•  •  -. 

“acceptable"  risk  leveL  T.  '  .  Saltwater  Aquatic  Life ;  . 

Benzene  '  •'  '  •  •  •*->"•  ■%  <  "V.  ■  ."No  saltwater  organisms  have  been 

■  r  t-  r---  -  tested  with  benzidine  and  no  statement 

Fresh  water  Aquatic  Life  ,  'j-^.can  be  made  concerning  acute  and 

The  available  data  for  benzene  .  -  ...  chronic  toxicity,  i  •* 

Indicate  that  acute  toxidty  to  freshwater'^  MmanJ{ed/~th  '  -•  r-  4  s-  -  ■  ' 

aquatic  life  occurs  et  concentrations  as  -  _ 

low  as  5.300  j*g/l  and  would  occur  at  For  the  maximum 'protection  ofhuman 

lower  concentrations  among  species  .  health  from  the  potential  carcinogenic 
that  are  more  sensitive  than  those  effects  due  to  exposure  of  benzidine 

tested.  No  data  are  available  concerning  through  Ingestion  of  contaminated  water 
the  chronic  toxicity  of  benzene  to  •  and  contaminated  aquatic  organisms, 

tensitive  freshwater  aquatic  life.  the  ambient  water  concentration  should 

,  .  ...  •  .  _  r .  -•  be  zero  based  on  the  non-threshold 

Saltwater  Aquatic  u.e  _  assumption  for  this  chemical.  However. 

The  available  data  for  benzene  zero  level  may  not  be  attainable  at  the 


health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  beryllium 
through  ingestion  of-contaminated  ws : 
and  contaminated  aquatic  organisms. 

.  the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
'  assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  le.els  wh:: 
may  result  in  Incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*.  10”*.  and  10"’.  The 
corresponding  criteria  are  37  ng/l.  3.7 
.  ng/l,  and  .37  ng/L  respectively,  if  tie 
above  estimates  are  made  for 
,  .ccn$ump*:on  of  aquatic  organisms  or.Iy, 
excluding  consumption  of  water,  the 
levels  are  W1  ng/L  64.1  ng/l.  and  6.41 
ng/L  respectively.  Other  concentration.: 
_  representing  different  risk  levels  cay  b 
calculated  by  use  of  the  Guidelines.  Th 
risk  estimate  range  is  presented  fc: 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  nsk  level. 

Cadmium  .  *  -  - 

Freshwater  Aquatic  Life 

For  total  recoverable  cadmium  the 
Criterion  (in  pg/1)  to  protect  freshwate* 


inctcate  that  acute  toxjctrv  to  saltwater 


present  time.  Therefore,  the  levels  which 
jnav  result  in  incremental  increase  of 


aquatic  life  as  derived  using  the 
Guidelines  ii  the  numerical  vaiue  g-ve: 
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by  a,  a  24-hour 

average  and  the  concentration  (in  >*g/l) 
should  cot  exceed  the  numerical  value 
given  by  e<,  *u“£k"***,,>*-*’*  at  any 
time.  For  example,  a  hardnesses  of  50, 
100,  and  200  mg/1  as  CaCO»  the  criteria 
are  0012. 0-025,  and  0.051  pg/L 
respectively,  and  the  concentration  of 
total  recoverable  cadmium  should  not 
exceed  1 .5,  3 JO  and  62  pg/l  respectively. 

-  at  any  time. 

Saltwater  Aquatic  Ufe  " 

For  total  recoverable  cadmium  the 
'  criterion  to  protect  saltwater  aquatic  life 
as  derived  using  the  Guidelines  is  4.5 
jig/]  as  a  24-hour  average  and  the 
concentration  should  not  exceed  59  pg/1  * 
.  at  any  time. 

Human  Health 


the  non-threshold  assumption  for  thij 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10"*,  10"*. 
and  10*’.  The  corresponding  criteria  are 
4.0pg/l  AO  pg'L  and  .04  pg/L 
respectively.  Li  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  on’y,  excluding  consumption 
of  water,  the  levels  are  69.4  pg/l  &04 
pg/L  and  M  jag/L  respectively.  Other 
concentrations  representing  diHerent 
risk  levels  mey  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  informs tion  purposes 
and  does  not  represent  an  Agency 
judgment  on  an  “acceptable"  risk  leveL 

Chlordane  -  _ 


The  ambient  water  quality  criterion 
for  cadmium  Is  recommended  to  be 
.  Identical  to  the  existing  drinking  water 
standard  which  is  10  pg/L  Analysis  of 
the  toxic  effects  data  resulted  in  e 
calculated  level  which  is  protective  of 
human  health  against  the  Ingestion  of  ' 
-  contaminated  water  and  contaminated 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard. 
For  this  reason  a  selective  criterion 
based  on  exposure  solely  from 
consumption  of  6.5  grams  of  aquatic 
organisms  was  not  derived.  '  - 

Carbon  Tetrachloride  "  '  •“  ’  . 


Freshwater  Aquatic  Life  - 

-  The  available  date  for  carbon 
tetrachloride  indicate  that  acute  toxidty 
to  freshwater  aquatic  life  occurs  at 
concentrations  as  low  as  35.200  pg/1  and 
would  occur  at  lower  concentrations 
among  (pedes  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxidty  of. .  ^ ; 
carbon  tetrachloride  to  .sensitive 
freshwater  aquetic  life. 

Saltwater  Aquatic  Ufe  "■  .* 


The  available  data  for  carbon 
tetrachloride  indicate  that  acute  toxidty 
to  saltwater  aquatic  life  occurs  at  ; 
.concentrations  as  low  as  50,000  pg/1  and 
would  occur  at  lower  concentrations 
among  spedes  that  are  more  sensitive 
that  those  tested.  No  data  are  available 
concerning  the  chronic  toxidty  of  -  - 
carbon  tetrachloride  to  sensitive-  r  " 
saltwater  aquatic  life.  ~r  . 


Homan  Health 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic, 
effects  due  to  exposure  of  carbon 
tetrachloride  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms  the  ambient  water 
concentration  should  be  zero  based  on 


Freshwater  Aquatic  Ufe  .  ■  . 

•  For  chlordme  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
'the  Guidelines  is  0.0043  pg/,  as  a  24- 
bour  average  and  the  concentration 
should  not  exceed  2-4  pg/1  at  any  time. 

Saltwater  Aquatic  Ufe 

-  For  chlordane  toe  criterion  to  protect  ' 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.0040  pg/1  as  a  24- 
hour  average  and  the  concentration 
should  not  exceed  0.09  pg/1  at  any  time. 

Human  Health  ...  ..  *V 

For  the  maximum  protection  of  human 
health  from  the  potential  cardnogenic 
effects  due. to  exposure  of  chlordane 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  it  the 
present  time.  Therefore,  the  levels  which 
may  result  In  Incremental  increase  of  - 
cancer  risk  over.the  lifetime  are 
estimated  at  10"*.  10"*,  and  10" ».  The 
corresponding  criteria  are  4.6  ng/1,  .46 
ng/l  and  .046  ng/l  respectively.  U  the- 
above  estimates  are  made  for . 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  watei,  the 
levels  are  4.6  ng/l  .48  ng/l  and  .048  ng/ 

L  respectively.  Other  concentrations 
representing  difJerent  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
Information  purposes  and  does  not 
represent  an  Agency  judgment  or  eh 
"acceptable"  risk  level. 

Chlorinated  Benzenes 

Freshwater  Aquatic  Ufe 

The  available  data  fof  chlorine  ted 
benzenes  indicate  that  acute  toxidty  to 
freshwater  aquatic  life  occurs  tt 


7S 


concentrations  ss  low  as  250  pg/1  ar. 
would  occur  at  lower  concentrations 
among  spedes  that  are  moreiensitn 
than  those  tested.  No  data  are  availc 
concerning  the  chronic  toxidty  of  thr 
more  toxic  of  the  chlorinated  benzer 
to  tenaitive  freshwater  aquatic  life  b 
"toxidty  occurs  at  concentrations  as '. 
as  50  pg/1  for  a  fish  spedes  exposed 
7  J  days. 

Saltwater  A  qua  tic  Ufe 

The  available  data  for  chlorinated 
benzenes  indicate  that  acute  and 
chronic  toxidty  to  saltwater  aquatic 
occur  at  concentrations  as  low  is 
and  129' pg/l  respectively,  and  wcr_. 
occur  at  lower  concentrations  amcr 
spedes  that  art  more  sensitive  than, 
those  tested.  " ' 

Humcn  Health 

For  the  maximum  protection  of .. 
health  from  the  potential  cardnor:- 
eflects  due  to  exposure  of 
bexachlorobenzene  through  ingestic. 
contaminated  water  and  contends ' 
aquatic  organisms,  the  ambient  wa! 
concentration  should  be  zero  based  c 
the  non-threshold  assumption  for  thi . 
chemical  However,  zero  level  may 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  rs. 
incremental  increase  of  cancer  risk 
the  lifetime  are  estimated  at  10'*,  I. 
and  10* ’.  The  corresponding 
recommended  criteria  are  72  ng/l . 
ng/l.  and  JB72  ng/l  respectively.  If  l 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  c 
excluding  consumption  of  water. 
levels  are  7.4  ng/L  J4  ng/l.  and 
L  respectively. 

For  the  protection  of  human  healtr 
from  the  toxic  properties  of  12.4.5- 
tetrachlorobenzene  Ingested  through 
.  water  and  contaminated  aquatic 
organisms,  the  ambient  water  criter 
is  determined  to  be  38  pg/L 

For  the  protection  of  human  healti 
from  the  toxic  properties  of  12,4.5-  | 

letrachlorobenzene  ingested  through 
contaminated  aquatic  organisms  aic 
the  ambient  water  criterion  is 
determined  to  be  48  pg/1. 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
pentachlorobenzene  Ingested  throug 
water  and  contamina  '.ed  aquatic 
organisms,  the  ambient  water  criter 
is  determined  to  be  74  pg/1. 

For  the  protection  of  human  heal 
from  the  toxic  properties  of 
pentachlorobenzene  ingested  throu- 
contaminated  aquatic  organisms  ale 
the  ambient  water  criterion  is 
determined  to  be  65  pg/1.  ) 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  der. 


J-22 
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at  this  time  due  to  the  Inriffidency  la  .  chemicaL  However,  zero  level  may  not 
the  available  data  for  trichlorobenzene.  be  attainable  at  the  present  time. 

For  comparison  purposes,  two  Therefore,  the  levels  which  may  result  In 

approaches  were  used  to  derive  *  '  Incremental  increase  of  cancer  risk  over 
criterion  levels  for  monochloroberaene.  -  the  lifetime  are  estimated  at  10"  \  10"*. 
Based  on  available  toxicity  data,  for  the  and  10*’.  The  corresponding  criteria  are 
protection  of  public  health!  the  derived  8.4  pg  /l  -94  pg/l  *094  pg/L 

level  la  488  pg/l  Using  available.  ‘  respectively.  If  the  above  estimates  are 

organoleptic  data,  for  controlling  *’  made  for  consumption  of  aquatic 

undesirable  taste  and  odor  quality  of  * '  ~  organisms  only,  excluding  consumption 
ambient  water,  the  estimated  level  is  20  of  water,  the  levels  are  2.430  pg/L  243 
pg/'L  It  should  be  recognised  that  pg/L  and  24.3  pg/1  respectively.  Other 

organoleptic  data  as  a  basis  for  ‘  ,  L.  concentrations  representing  different 

establishing  a  water  quality  criteria'  risk  levels  maybe  calculated  by  nse  of 

have  limitatlona  and  have  no  *.  .  '  '";.r  the  Guidelines.  The  risk  estimate  range 

demonstrated  relationship  to  potential  '  1  U  presented  for  Information  purposes 
adverse  human  health  effects.  '  ,  and  does  not  represent  an  Agency 

^  *  **  "•**  i  Judgment  on  an  “acceptable"  risk  level 

Chlorinated- Ethans*  For  the  protection  of  human  health 

Freshwater  Aquatic  Life  from  the  toxic  properties  of  1.1.1-  - 

trichlo  roe  thane  ingested  through  water 

The  available  freshwater  data  for  .  and  cor'aminated  aquatic  organism,  the 
chlorinated  ethanes  Indicate  that  -  ambient  water  criterion  is  determined  to 

toxicity  Increases  greatly  with  ----- "be  184  mg/L 

Increasing  chlorination,  and  that  acute  For  the  protection  of  human  health 
toxicity  occurs  at  concentrations  as  low  7  fromthetoxicpropertiesofl.10.-tri- 
•s  118000  pg/l  for  17-dichloroethane,  chloroethane  ingested  through 
18.000  pg/1  f°r  two  trichlo  roe  thanes,  -  /;  contaminated  aquatic  organisms  alone. 
9.320  pg/l  for  two  tetrachloroethanes.  .  .  the  ambient  waTer  criterion  is 
7740  >rg/!  for  pentachloroethane.  and  .  determined  to  be  1.03  g/L 
980  pg/l  for  hex«  chloroethane.  Chronic  _  For  tfre  m«Timnm  protection  of  human 
toxicity  occurs  at  concentrations  as  low  ■  health  from  the  potential  carcinogenic 
aa  20.000  >ig/l  for  17-dichloroethane,  "J  -  effecta  due  to  exposure  of  1.17-  ,  .  -  . 

9.400  pg/l  for  1.17-tri  chloroethane.  2400  '*  trichloroethane  through  Ingestion  of 
pg/Tfor  1.17.2 -tetrachloroethane.  3700  contaminated  water  and  contaminated 
pg/l  for  pentachloroethane,  and  540  pg /I_^  aquatic  organisms,  the  ambient  water 
for  bexachloroe thane.  Acute  and  *-  *  .-concentration  should  be  zero  based  on 
chronic  toxicity  would  cccur  at  lower  Ihe  noo-thresbold  assumption  for  this 
concentrations  among  species  that  are  -  ^  chemical.  However,  zero  level  may  not 
more,  sensitive  than  those  tested.  —  A  be  attainable  at  the  present  time. . 

Saltwater  Aquatic  Life  ~  '  V  V,  "  %  pcreiDn:  leve!*  “ 

*  r  -  incremental  increase- of  cancer  nsk  over 

The  available  saltwater  data  tor  ■  -  ^ :  the  lifetime  are  estimated  at  10"*  10'*, 
chlorinated  ethanes  Indicate  that  •  ’ and  10"  T  The  corresponding  criteria  are 

toxicity  increase*  greatly  frith  •  s  80  pg/L  JS  p.g/1  and  JX  pg/l  . 
increasing  chlorination  and  that*  cate  ■  ■'  *’  "respectively .  If  the  above  estimates  "hre 
toxicity  to  fi*h  and  invertebrate  species  "".  made  fox  consumption  of  aquatic 
occur*  at  concentrations  as  low  as  ‘  j"  •.organisms  only,  excluding  consumption  - 
113.000  pg/l  for  17-dUehl  aroethsne,  of  water,  the  levels  are  418  pg/l  417 

31700  >*g/l  for  I.l.l-trichloroethane.  pg/l.  and  4.18  pg/l  respectively.  Other 

8.020  p.g/1  for  1.1 .27 -tetra chloroethane.'  ^  concentrations  representing  different 
380  pg/\  for  pentachloroethane.  and  940  -  risk  levels  may  be  calculated  by  use  of 
.  j*g/l  for  hex* chloroethane.  Chronic  * '•*  A  the  Guidelines.  The  risk  estimate  range 
toxicity  occurs  at  concentrations  as  krw"-  U  presented  for  information  purposes 
as  281  pg/l  for  pentachloroethane.  Acute-  and  does  not  represent  an  Agency 
and  chronic  toxicity  would  occur  at  .  judgment  on  an  "acceptable”  risk  leveL 
lower  concentrations  among  specie*'  For  the  maximum  protection  of  human 

that  are  more  sensitive  than  those  '  health  from  tne  potential  cardnogei.ic 

tested.  ■»  *  f '  affects  due  to  exposure  of  1777-tetra- . 


Human  Health 


— nj >:  .-.•r-u  chloroethane  through  Ingettioo  of 
•>-  -*vr-  contaminated  water  and  contaminated 


For  tb*  maximum  pro  ection  of  human  aquatic  organisms,  the-ambient  water 
health  from  the  potential  carcinogenic  concentration  ahould  be  zero  based  on 
effects  due  to  exposure  of  17 -di-  '  ^  "  ths  non-threshold  assumption  for  this 

•  chloroethane  through  ingestion  of  "  chemical  However,  rero  level  may  not 

contaminated  water  end  contaminated  be  attainable  at  the  present  time, 
aquatic  organism*,  the  ambient  water  '  Therefore,  the  levels  which  may  result  m 
concentration  should  be  zero  based  on  incremental  increase  of  cancer  risk  over 


the  non-threshold  assumption  for  this  '  the  lifetime  are  estimated  at  ltT*.  10'*. 


and  10"*.  The  corresponding  criteria  are 
1.7  pg/l  .17  pg/L  and  .017  pg/l 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  107  pg/L  10  7 
pg/L  and  177  pg/l  respectively.  Other  • 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an  Agency 
Judgment  on  an  "acceptable"  risk  leveL 
For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  hexa- 
chloroethane  through  Ingestion  of 
contaminated  water  and  ccntaminsted 
aquatic  organisms,  the  ambient  water 
:  concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  tins 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10"*.  10"*. 

’  and  10“’.  The  corresponding  criteria  are 
19  pg/l  17  pg/l  and  .19  p.g/1 
respectively.  If  the  above  estimates  are 
’  made  fer  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  art  87.4  pg/l  874 
'  pg/L  and  77  pg/l  respectively.  Other 
■  concentrations  representing  different 
.  risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an  Agency 
judgment  on  an  "acceptable"  risk  level 
Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for 
monochldroe  thane. 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  1.1.- 
dichloroethane. 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  1.37.2- 
.tetrachlorpe  thane. 

4  Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  „ 

pentachloroethane. 

Chlorinated  Naphthalenes 

Freshwater  Aquatic  Life 

The  available  data  for  chlorinated 
naphthalenes  Indicate  that  scute 
toxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  ss  1.600  pg/l 
and  would  occur  at  lower 
concentrations  among  species  that  are 
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more  sensitive  than  those' tested.  No 
data  are  available  concerning  ti<e 
chronic  toxicity  of  chlorinated 
naphthalenes  to  sensitive  freshwater 
aquatic  life.  .  '  - 

Saltwater  Aquatic  Life  . 

'The  available  data  for  chlorinated 
napthalenes  indicate  that  acute  toxidty 
to  saltwater  aquatic  life  occurs  at 
concentrations  as  low  as  7JS  pg/J  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxidtv  of  ~ 
chlorinated  naphthalenes  to  sensitive 
saltwater  aquatic  life. 

Human  Health  ’■  ■"  ’ 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  chlorinated 
napthalenes.  .  '•».  .  .  - 

Chlorinsted  Phenols  . 

Freshwater  Aquatic  Life  .  *  < 

The  available  freshwater  data  for 
chlorinated  phenols  indicate  that 
toxidty  generaUy  increases  with  ‘ 
increasing  chlorination,  and  that  acute 
toxidty  occurs  at  concentrations  as  low 
as  30  pgA  for  4-chloro-3-methylpheno!  to 
greater  than  300.000  pg/1  for  other  - 
compounds.  Chronic  toxicity  occurs  at 
concentrations  as  low  as  970  pg/1  for 
2.4.6-txichlorophenol.  Acute  and  chronic . 
toxidty  would  occur  at  lower 
concentrations  among  spedes  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Life  *  *?:  ri/  r'  •  - 

The  available  saltwater  data  for 
chlorinated  phenols  indicate  that  ...  .  .  . 
toxidty  generally  Increases  with  •  -•* 
increasing  chlorination  and  that  acute 
toxidty  occurs  at  concentrations  as  low 
as  440  pg/1  for  2.3.5.6-tetrachloropbenol  „ 
and  29.700  pg/1  for  4-chloropheDol.  . 
Acute  toxidty  would  Occur  at  lower 
concentrations  among  spedes  that  are 
more  sensitive  than  those  tested.  No  . 
data  are  available  concerning  the  - 
chronic  toxicity  of  chlorina  ted  phenols 
to  sensitive  saltwater  aquatic  life, 

•Human  Health  _  J  ~-r 

Sufhdent  data  is  not  available  for  3-  - 
monochlorophenol  to  derive  a  level  >• 
which  would  protect  against  the 
potentiil  toxidty  of  this  compound.  • 
Using  available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  eslmated 
level  is  0.1  pg/L  It  should  be  recognized 
that  organoleptic  da  la  as  a  basis  for 
establishing  a  water  qoality  criteria 
have  hmitstions  and  have  no 


demonstrated  relationship  to  potential 
adverse  humsm  health  effects. 

Sufficient  data  is  not  available  for  4- 
monochlorophenol  to  derive  a  level 
which  would  protect  against  the 
^  potential  toxicity  of  this  compound. 
Using  available  organoleptic  data,  for  ’ 
controlling  undeiirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  0.1  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no  __  — 

demonstrated  rel?rioruLip  to  potential 
adverse  burr  an  !  Jth  effects.  . 

Sufficient  data  >s  not  available  for  2.3- 
dichlorophenol  to  derive  a  level  which  . 
would  protect  against  the  potential 
toxidty  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  end  odor 
-quality  of  ambient  water,  the  estimated 
level  is  M  pg/L  It  should  be  recognized 
;  that  organoleptic  data  as  a  basis  for 
.establishing  a  water  quality  criteria 
have  limitations  and  have  no 
..demonstrated  relationship  to  potential 
‘  adverse  human  health  effects. 

Suffident  data  is  not  available  for  2.5- 
dichlorophenol  to  derive  a  level  which 
would  protect  against  the  potential 
toxidty  of  this  compound.  Using  - 
available  organoleptic  data,  for 
.  controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated  . 
.  level  is  £  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

•  Suffident  data  is  not  available  for  2,6- 
dichiorophenol  to  derive  s  level  which 
would  protect  aga  nst  the  potential  - 
toxicity  of  this  cor  pound.  Using  •• 

.  available  organoleptic  data,  for  ~  ' 
“  controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  2  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
__  have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Sufficient  data  is  not  available  for  3.4- 
dichlorophenol  to  derive  a  level  which 
would  protect  against  the  potential 
toxidty  of  this  compound.  Using 
•vailebH  organoleptic  data,  for 
.  controlling  undesirable  taste  and  odor 
quality  cf  ambient  water,  the  estimated 
level  is  21  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Sufficient  date  is  not  available  for 
2,3.4.6-tetrachlorophenol  to  derive  a 


level  which  would  pro'ect  agaLrs!  the  ' 
potential  toxicity  of  this  compo'  -  -L 
Using  available  organoleptic  d  'or 

controlling  undesirable  taste  ar  f: 

quality  of  ambient  water,  the  esun  • 
level  is  1  pg/L  It  should  be  recognize 
.  that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  u  potential 
adverse  human  health  effects. 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  2.4.5-trichlorophenc'.. 
Based  on  available  toxicity  data,  for  ti 

firotecbon  of  public  health,  the  derived 
.  evel  Is  2.6  mg/L  Using  available 
organoleptic  data,  for  controlling 
.  undesirable  taste  and  odor  quality  cf 
ambient  water,  the  estimated  level  is  : 
pg/L  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
'establishing  a  water  quality  criteria 
’  have  limitations  and  have  no 
demonstrated  relationship  to  potential 
*  adverse  human  health  effects. 

For  the  meximum  protection  of  humc 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  2.4.6- 
-  trichlorophenol  through  ingesticr.  of 
contaminated  water  and  contaminate, 
aquatic  organisms,  the  ambient  we’.er 
concentration  should  be  zero  based  or. 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  nc. 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result 
Incremental  increase  of  cancer  risk  ov* 
the  lifetime  are  estimated  at  10'*.  10* 1 
and  10*’.  The  corresponding  enter. a  - 
12  pg/1. 1.2  pg/1,  and  .12  pg/1 
respectively.  If  the  above  estimates  a. 
made  for  consumption  of  aquatic 
organisms  only,  excluding  cons  amp  tic 
of  water,  the  levels  are  36  pg/L  3.6  pg, 
and  £6  pg/L  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  c 
the  Guidelines.  The  risk  estimate  rang 
.  is  presented  for  information  purposes 
and  does  not  represent  an  Agency 
judgment  on  an  "acceptable”  nsk  lave. 
Using  available  organoleptic  data,  f; 

■  controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  esti-  ;te. 
level  is  2  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no 
demonstrated  relationship  to  poll  otic, 
adverse  human  health  effects 
Sufficient  data  is  not  available  for  2 
metkyl-4-chloropbeno!  to  derive  a  lev- 
-  which  would  protect  against  any 
potential  toxicity  of  this  compound. 
Using  available  organoleptic  data  fer 
controlling  undesirable  taste  and  ode: 
quality  of  ambient  water,  the  estimate 
level  is  1800  pg/1.  It  should  be 


n.  to 
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recognized  that  organoleptic  data  n  • 
basis  for  establishing  •  water  quality 
criterion  htvs  limitations  and  bars  no 
dsmonstnted  ralationship  to  potential 
advene  human  health  affects. 

Sufficient  data  is  not  available  for  3- 
methyI-4-chlorophenol  to  derivs  a  level 
which  would  protect  against  the 
potential  toxidty  of  this  compound. 

Using  available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  3000  pg/LIt  should  be  ;  > 
recognized  that  organoleptic  data  as  a  Z. 
basis  for  establishing  a  water  quality 
criterion  have  limftations  and  ham  no 
demonstrated  ralationship  to  potential 
adverse  human  health.  effects. 

Sufficient  data  is  not  available  for  3- 
methyl-8-chlorophenaI  to  derive  a  level 
which  would  protect  against  the  ^  ‘  :->- 

potential  toxidty  of  this  compound. 

Using  available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated  . 
level  is  20  pg/l  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects.  _  ' .  1 ..  \  ,'w 


ChloroaBcyl  Ethers  *  . -  'v- 

.  ..v.  .-.i 

■  Freshwater  Aquatic  Life 

'  The- available  data  for  diloroallcyl 
ethers  indicate  that  acute  toxidty  to  :  - 
freshwater  aquatic  life  occurs  at  -  '• 

concentrations  as  low  as  238.000  >ig/l 
and  would  occur  at  lower  .  '—2.  *  I_ ' 

concentrations  among  spedes  that  are 
more  sensitive  than  those  tested.  No 
definitive  data  art  available  concerning 
the  el  ronic  toxidty  of  diloroallcyl  ethers 
to  sei  si  five  freshwater  aquatic  life.  * 

Saltwater  Aquatic  Life  v  - ; -  J 


No  saltwater  organisms  have  been  "  • 
tested  with  any  chloroaOryl  ether  and  no 
atatement  can  be  made  concerning  acute 
and  chronic>mddty.  - -■ 

‘  j  v.  t 

Human  Health  .  -  -  - 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  bis-  •  •'  r 

(chJoromethylj-ether  through  ingestion 
of  contaminated  water  snd  ***. 

contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be 
zero  based  on  the  non-threshold  * 

assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  Increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10'*,  10"*,  and  10*’.  The 
corresponding  criteria  are  .038  ng/1 
.0038  ng/L  and  .00038  ng/l  respectively. 


Tf  the  above  estimates  trie  made  for  " 
consumption  of  aquatic  organisms  only, 
axdudlng  consumption  of  water,  the 
levels  are  18.4  ng/l  1.84  ng/l  and  .184 
ng/l  respectively.  Other  concentrations 
representing  different  risk  level*  may  be 
calculated  by  use  of  the  Guidelines.  Tbe 
risk  estimate  range  Is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
“acceptable"  risk  leveL  . .  . 

_  For  th£  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
'  effects  dne  to  exposure  of  bis  (2-  '  . 

‘  chi oroe thy  1). ether  through  Ingestion  of 
.  contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 

'  Therefore,  the  levels  which  may  result  in 
incrementalincreaseofoancerriskover- 
the  lifetime  are  estimated  at  1CT*.  10'*, 

-  and  10'T.  Tbe  corresponding  criteria  are 
J3  jig/l  ST3  /»g/l  and  .003  >ig/l-  * 
respectively.  If  the  ebove  estimates  are 

■  made  for  consumption  of  aquatic 
;  -  organisms  only,  excluding  consumption 
•  of  water,  the  levels  are  13.8  pg/1. 1.38 

-  "  jig/l  and*.136  pg/l  respectively.  Other 

concentrations  representing  different 
:  -risk  levels  may  be  calculated  by  use  of 
_  the  Guidelines.  Tbe  risk  estimate  range 
_.  b  presented  for  information  purposes 
and  does  not  represent  an  Agency 
judgment  on  an  "acceptable"  risk  level 
.  -For  the  protection  of  human  health 

-  from  the  toxic  properties  of  bis  [2- 

chloro isopropyl)  ether  ingested  through 
water  and  contaminated  aquatic  - 
organisms,  the  ambient  water  criterion  . 
b  determined  to  be  34 J  >ig/L  -  •  -.-. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  bis  (2- 
•  •  chlonrisopropyl)  eiher  Ingested  through  " 
contaminated  aquatic  organisms  alone. 

-r-  the  ambient  water  criterion  is  . 

. '  determined  to  be  4.38  mg/L  ■  * 

*'■  .  .  -  ;  •  .  -  ;  ’  '  * 

-.  Chloroform  v-  ■  -  „ 

v  *  -  » 

.  Freshwater  Aquatic  Life  ,r 

-  •»  .  - ;  - '  ■  ■ 

-  The  available  data  tor  choloroform 
indicate  that  acute  toxidty  to  freshwater 
yjaquatic  life  occurs  al  concentrations  as 
low  as  28,900  fig/l  and  would  occur  at 
lower  concentrations  among  spedes 
that  are  more  sensitive  than  the  three 
bated  spedes.  Twenty-seven-day  LC50 
values  indicate  that  chronic  toxidty 
occurs  at  concentrations  as  low  as  1.240 
Hg/l  and  could  occur  at  lower 
concentrations  among  spedes  or  other 
life  stages  that  are  more  sensitive  than  ' 
the  earliest  Ufe  cycle  stage  of  the 
rainbow  trout 
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Saltwater  Aquatic  Life 

•  The  data  base  for  saltwater  spedes  1 

limited  to  one  test  and  no  statement  cm 
be* made  concerning  scute  or  chronic 
toxicity.  ' 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 

•  effects  due  to  exposure  of  chloroform 
through  ingestion  of  eontanrinated  wat. 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  shod 

.be  zero  based  on  the  non-threshold 
assumption  for  this  chemicaL  However 
zero  level ihay  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  w hi:, 
may  result  in  incremental  Increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10'*.  10"*.  and  1(T \  Tee 
-  corresponding  criteria  are  1.90  jig/l  .1C 
Hg/l  and  .019  p.g/1.  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only 
excluding  consumption  of  water,  the 
levels  are  157  ng/l  15.7  fig/l  and  1.57 
ng/l  respectively.  Other  concentration: 
representing  different  risk  levels  may 
calculated  by  us'e  of  the  Guidelines.  Th 
risk  estimate  range  b  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  rbk  leveL 

2-ChlorophenoI 

Freshwater  Aquatic  Life 

The  availabe  data  for  2-chIorophenc 

•  indicate  that  acute  toxidty  to  freshw: 
aquatic  life  occurs  at  concentrations  . 
low  as  4.380  ng/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  that  those  teste 
No  definitive  data  are  available 
concerning  the  chronic  toxicity  of  2- 

'  chlorophenol  to  sensitive  freshwater 
aquatic  life  but  flavor  impairment  occu. 
in  one  species  of  fish  at  concentration* 
as  low  as  2.000  ng/l 

—Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
tested  with  2-chlorophenol  and  no 
'etatemeni  can  be  made  concerning  ecu’. 
and  chronic  toxidty. 

Human  Health  ' 

.  Suffitient  data  is  not  available  for  2- 
chiorophenol  to  derive  a  level  which 
woiDd  protect  against  the  potential 
toxicity  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  0.1  >ig/l.  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
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demonstrated  ralatlonahlo  to  potent!*] 
advene  human  health  effect!. 

Chromium 

Freshwater  Aquatic  Life 

For  total  recoverable  bexavalent  . 
chromium  the  criterion  to  protect 
.  freshwater  aquatic  life  ae  derived  using 
the  Guidelines  is  0.29  >tg/l  as  a  24-hour 
average  and  the  concentration  should 
not  exceed  21  >sg/l  at  any  time. 

For  freshwater  aquatic  life  the  - 
concentration  (In  Mg/1)  total 
recoverable  trivalent  chromium  should 
.not  exceed  the  numerical  value  given  by 
“e(l-18[ln(hardness}}+3.48r  any 
time.  For  example,  at  hardnesses  of  50, 

100  end  200  mg/1  as  CaCO,  the 
concentration  of  total  recoverable 
trivalen!  chromium  should  not  exceed 
2.200,  4.700.  and  fl.SOOMg/L  respectively, 
at  any  tine.  The  available  data  indicate  ,• 
that  chronic  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  a  44  ug/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 


calculated  value  is  comparable  to  the 
preaent  standard.  For  this  reason  a 
selective  criterion  based  on  exposure 
solely  from  consumption  of  6.5  grams  of 
aquatic  organisms  was  not  derived. 

Copper 

Freshwater  Aquatic  Life 

For  total  recoverable  copper  the 
criterion  to  protect  freshwater  aquatic 
-life  as  derived  using  the  Guidelines  is  5.8 
Mg/1  as  a  24-hour  average  and  the 
concentration  (in  Mg/1)  should  not 
exceed  the  numerical  value  given  by 
e{0-94[ln[hardness)}-1.23)  at  any  time. 

For  example,  at  hardnesses  of  50,100, 
and  200  mg/1  GaCOi  the  concentration 
of  total  recoverable  copper  should  not 
exceed  12  22  and  43  pg/2  at  any  time. 

Saitwater  Aquatic  Life 

For  total  recoverable  copper  the 
criterion  to  protect  saltweter  aquatic  life 
as  derived  using  the  Guidelines  is  4.0 
Mg/1  as  a  24-hour  average  and  the 
concentration  should  not  exceed  23  Mg/1 
at  any  time.  .  . 


Saltwater  AauaticLife 


For  total  recoverable  bexavalent 
chromium  the  criterion  to  protect  '  . 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  is  18  >ig/l  as  a  24-hour  - ' 
average  and  the  concentration  ahould 
not  exceed  1,260  Mg/1  at  any  time.  . 

For  total  recoverable  trivalent 
chromium,  the  availabe  data  indicate 
that  acute  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
.10.300  >ig/l.  and  would  o'ccur  at  lower 
concentrations  amoung  species  that  are. 
more  aensitive  than  those  tested.  No_ 
•data  are  available  concerning  the 
chronic  toxicity  of  trivalent  chromium  to 
sensitive  saltwater  aquatic  Ufa. .  ,  >_■ 


Human  Health 


For  the  protection  of  human  health 
from  the  toxic  properties  of  Chromium 
III  ingested  through  water  and 
contaminated  aquatic  organisms,  the  — 
ambient  water'crilerion  is  determined  to 
be  170  rag/L ' 

For  the  protection  of  human  health  — 
from  the  toxic  properties  of  Chromium 
III  ingested  through  contaminated 
aquatic  organisms  alone,  the  ambient  ’ 
water  criterion  is  determined  to  be  3433 
mg/L  -  '  .  •  v  '  '  •  - .  v 

The  ambient  water  .quality  criterion  * 
for  total  Chromium  V]  is  recommended 
to  be  identical  to  the  existing  drinking 
water  standard  which  is  50  Mg/1. 
Analysis  of  the  toxic  effects  data 
resulted  in  a  calculated  level  which  is 
protective  of  human  health  against  the 
ingestion  of  contaminated  water  and 
contaminated  aquatic  organisms.  The 


Human  Health  -  *  - . 

Sufficient  data  is  not  available  for  - 
copper  to  "derive  a  level  which  would 
protect  against  the  potential  toxicity  of 

-  this  compound.  Using  available  "!  „  •  *  . 
organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  1 
mg/L  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
advene  human  health  effects. 

Cyanide  . 

Freshwater  Aquatic  Life  _  :•  ~  .. 

'  •  For  free  cyanide  (sum  of  cyanide  ""  • 
present  as  HCN  and  CN“,  expressed  as 
CN)  the  criterion  to  protect  freshwater 
aquatic  life  as  derived  using  the 
Guidelines  is  3.5  pg/1  as  a  24-hour ’  ’  ' 
average  and  the  concentration  should 
not  exceed  52  pgA  ■'  any  time.  „ 

Saltwater  Aquatic  Life  ^  .  *. 

The  available  data  for  free  cyanide 
(sum  of  cyanide  present  as  HCN  and 

_  CN”,  expressed  a"  CN}  indicate  that  - 
acute  toxicity  to  saltwater  aquatic  life 

-  occurs  at  concentrations  as  low  as  30 
Mg/1  and  would  occur  at  lower  .  „  _ 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  If  the 
scute-chronic  ratio  for  saltwater 
organisms  is  similar  to  that  for 
freshwater  organisms,  chronic  toxicity 
would  occur  at  concentrations  as  low  as 
2JJ  Mg/1  for  the  tested  species  and  at 
lower  concentrations  among  species 


that  are  more  aensitive  than  those 
tested. 

Human  Health 

The  ambient  water  quality  enteric,*: 
for  cyainde  is  recommended  to  be 
identical  to  the  existing  drinking  water 
'  standard  which  Is  200  Mg/1-  Analysis  c. 
the  toxic  effects  data  resulted  in  a 
calculated  level  which  is  protective  of 
human  health  against  the  ingestion  of 
contaminated  water  and  contaminate;: 
aquatic  organisms.  The  calculated  va! 
is  comparable  to  the  present  standard 
For  this  reason  a  selective  criterion 
basecTon  exposure  solely  from 
consumption  of  6.5  grams  of  aquatic 
organisms  was  not  derived. 

DOT  and  Metabolites 
Freshwater  Aquatic  Life 
DDT 

For  DDT  and  its  metabolites  the 
criterion  to  protect  freshwater  aquatic 
life  as  derived  using  the  Guidelines  is 
0.0010  pg/1  as  a  24-hour  average  and  L~. 
concentration  ahould  not  exceed  1.1  pg 
at  any  time. 

TOE  ~  " 

.  The  available  data  for  TOE  indicate 
that  acute  toxicity  to  freshwater  aqua: 
liie  occurs  at  concentrations  as  low  as 
0.6  pg/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the  ~ 
chronic  toxicity  of  TOE  to  sensitive 
freshwater  aquatic  life. 

DDE 

The  available  data  for  DDE  indicate 
that  acute  toxicity  to  freshwater  aqust. 
life  occurs  at  concentrations  as  low  as 
2050  pg/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  DDE  to  sensitive 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

DDT 

For  DDT  and  its  metabolites  the 
criterion  to  protect  saltwater  aquatic  lir¬ 
as  derived  using  the  Guidelines  is  0.00;: 
Mg/1  as  a  24-hour  average  and  the 
concentration  should  not  exceed  0.13 
'Mg/1  >t  any  time."  ' 

TOE 

The  available  data  for  TOE  indicate 
that  acute  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
3.6  Mg/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
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chronic  toxicity  of TDE  to.sensltiva 
saltwater  aquatic  Ufa. 


The  available  data  for  DDE  Indicate 
that  acute  toxicity  to  saltwater  aquatic 
life  ocean  at  concentrations  as  low  as 
.  14  p.g/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  DDE  to  sensitive 
saltwater  aquatic  life. 

Human  Health  .  •  •  * 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  oTDDT  through- 
ingestion  of  contaminated  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  concentration  shoald  be 
zero  based  on  the  non-threshold 
assumption  for  this  chemlcaL However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  Increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10“*.  10“*  and  10“’.  The 
.  corresponding  criteria  are  .24  ng/l .024 
ng/l  and  .0024  ng/l  respectively.  If  the 
above  estimates  are  made  for  . 

consumption  of  aquatic  organisms  only. . 
excluding  consumption  of  water,  the 
levels  are  .24  ng/1.  .024  ng/l  and  1X324 
-  ng/l  respectively.  Other  concentrations 
representing  different  risk  levels  may  be  ' 
calculated  by  use  of  the  Guidelines.  The  7 
risk  estimate  range  is  presented  for  * ' 
information  purposes  and  does  not  "" 

repr^sentan  Agency  Judgment  of  an 
“acceptable"  risk  leveL  „ 

-Dichlorobeczenes  '  /  -  ' 

.  •-  Ti-  »'  > 

Freshwater  Aquatic  Life  r  " 

The  available  data  for  •  .  ..-1  ' 
dichlorobenzenes  indicate  that  acute  . 
and  chronic  toxicity  to  freshwater  *. 
aquatic  life  occurs  at  concentrations  as 
low  as  1220  and  703  jig/l  respectively, 
and  would  occur  at  lower  -  .  ... 
‘concentrations  among  spedes  that  are 
more  sensitive  than  those  tested 

Saltwoter  Aquatic  Life  .  .  •  —  • 

The  available. data  for  ;  « 

dichlorobenzenes  indicate  that  acute 
toxidty  Jo  aaltwiter  aquatic  life  occurs 
at  concentrations  as  low  as  1.970  >ig/l  * 
and  would  occur  at  lower  r  •  **  -  • 
concentrations  among  spedes  that  ere 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxidty  of  dichlorobenzenes  to 
sensitive  saltwater  aquatic  life.  - 

Homan  Health  ;  -  , 

For  the  protection  of  human  health 
from  the  toxic  properties  of- 
dichJorobenzenes  (all  isomers)  ingested 


through  water  and  contaminated  aquatic 
organisms,  the  ambient  water  criterion 

-  is  determined  to  be  400  pg/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of . 
dichlorobenzenes  (all  isomers)  ingested 
.  through  contaminated  aquatic  organismj 
alone,  the  ambient  water  criterion  is 
determined  to  be  2.8  mg/L. 

*  Diehl qrobe nxi dines 

.  Freshwater  Aquatic  Life 

—  %  *  .  .  *  • 

The  data  base  available  for  - 

dichlorobenzidines  and  freshwater  '  - 

organisms  is  limited  to  one  test  on  . 

biocon centra tion  of  33’-.  • 

dJchlo  rob  end  dine  and  no  statement  can 

be  made  concerning  acute  or  chronic 

.toxidty. 

Saltwater  Aquatic  Life  ' 

’.  No  saltwater  organisms  have  been- 
tested  with  any  dichlorobenzidine  and 
no  statement  can  be  made  concerning 
acute  or  chronic  toxidty. 

Human  Health 

^  *  " 

For  the  maximum  protection  of  hum  an 
health  from  the  potential  carcinogenic  . 

•  effects  due  to  exposure  of  . 
dichlorobenzidine  through  ingestion  of. 

2  contaminated  water  and  contaminated 
.  aquatic  organisms,  the  ambient  water  ~ 
concentration  should  be  zero  base  on  • 
the  non-threshold  assumption  for  this 
chemicaL  However,  zero  level  may  not  - 
be  attainable  at  the  present  time. 
Thereforerthe  levels  which  may  result  in 
Incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10'*,  10'*, 
and  10“’.  The  corresponding  criteria  are 
‘.103  Mg/l  -0103  yg/1.  and  .00103  jig/1, 
respectively.  If  the  above  estimates  are 
—made  for  consumption  of  aquatic  - 
organisms  only,  exduding  consumption 
of  water.. the  levels  are  304  jsg/J.  3204 

-  jsg/l  and  .00204  >*g/l  respectively. 

Other  concentrations  representing 

‘  different  risk  levels  may  be  calculated 
by  use  of  the  Guidelines.  The  risk  _  - 
estimate  range  is  presented  for  . 
information  purposes  and  does  not 
.  represent  an  Agency  Judgment  on  an  .. 
“acceptable"  risk  level  ’. 

Dichloroethylenes  — 

Freshwater  Aquatic  Life  . .  . 

V  The  available  data  for 
dichloroethylenes  indicate  that  acute 
toxidty  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  11.600  jj.g/1 

-  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  aensitive  than  those  tested.  No 
definitive  data  are  available  concerning 
the  chronic  toxicity  of  dichlorethylenes 
to  sensitive  freshwater  aquatic  life. 


Saltwater  Aquatic  Life 

The  available  data  for 
dichlorethylenes  Indicate  that  acute 
toxidty  to  saltwater  aquatic  life  occ 
at  concentrations  as  low  as  224.CCC 
and  would  occur  at  lower 
concentrations  among  species  that 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxidty  dichloroethylenes  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

For  the  maximum  proteqtion  of  hu 
•  health  from  the  potential  carcinogen 
effects  due  to  exposure  of 
1,1-dichloroethyiene  through  Ingest; 
contaminated  water  and  conUmina 
■  aquatic  organisms,  the  ambient  wat. 
concentration  should  be  zero  based 
the  non-threshold  assumption  for  th_ 
chemicaL  However,  zero  level  may  : 

„  be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  re: 
incremental  increase  of  cancer  risk  c  • 
the  lifetime  are  estimated  at  10“*.  1C“ 
and  10“’.  The  corresponding  criteria 
33  jtg/V.033  Mg/l  and  .0033  pg/L 
respectively.  If  the  above  estimates  r. 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consump' 
of  water.  the  levels  are  18.5  pg/1,  l.EJ 
pg/l  and  .183  pg/L  respectively.  Old 
concentrations  representing  differed: 
risk  levels  may  be  calculated  by  use  - 
the  Guidelines.  The  risk  estimate  rar. 

.  is  presented  for  information  purpose: 
and  does  not  represent  an  Agency 
'Judgment  on  an  "acceptable"  risk  le- 
Using  the  present  guidelines,  a 
-  satisfactory  criterion  cannot  be  der 
•at  this  time  due  to  the  insufficency  Lr. 
available  data  for  1.2-dichloroethy!er. 

2.4-DichlorophenoI 

Freshwater  Aquatic  Life 

The  available  data  lor  2.4- 
dichlorophenol  indicate  that  acute  a: 
chronic  toxicity  to  freshwater  aquatic 
life  occurs  at  concentrations  as  low  a: 
2.020  an d  365  ng/L  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
that  those  tested.  Mortality  to  early  Life 
stages  of  one  species  of  fish  occurs  at 
concentrations  as  low  as  70  pg/L 

Saltwater  Aquatic  Life 

■Only  one  test  has  been  conducted 
with  saltwater  organisms  on  2.4- 
dichlorophenol  and  no  statement  car. 
made  concerning  acute  or  chronic 
toxicity. 

Human  Health 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
cnterioD  levels  for  2.4-dichloropbenol. 
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IJased  on  available  toxicity  data,  for  the 

Cirotection  of  public  health.  the  derived 
evel  U  3.09  mg/L  Using  available 
organoleptic  data,  for  coatrolling 
undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  OJ 
pg/l  It  should  be  recognized  that 
organoleptic  data  at  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demorutrated  relationship  to  potential 
adverse  human  health  effects. 

Dichloropropanes/Dichloropropenes  . 

■  ••  *• 
Freshwater  Aquatic  Life  .  '  -  :  -  - 


the  ambient  water  criterion  la 
determined  to  be  14.1  mg/L 

2,4-Dimethylpbenol 

Freshwater  Aquatic  Life 

The  available  data  for  2.4- 
dimethylphenol  indicate  that  acute 
toxidty  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  2.120  pg/l 
and  would  occur  at  lower 
concentrations  among  ipedes  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxidty  of  dimethylphenol  to  - 
sensitive  freshwater  aquatic  life. 


The  available  data  for  ’  '  * 

dichloropropanes  indicate  that  acute 
and  chronic  toxidty  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  23.000  and  5.700  pg/l 
respectively,  and  would  occur  at  lower  1 
concentrations  among  spedes  that  are 
more  sensitive  than  those  tested.  - 

The  available  data  for  .  ' 

dichloropropenes  Indicate  that  acute 
and  chronic  toxidty  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  6.060  and  244  pg/L  respectively, 
and  would  occur  at  lower 
concentrations  among  spedes  that  are 
mare  sensitive  than  those  tested. 

Saltwater  Aquatic  Life  -  ‘  ' 

The  available  data  for  " 
dichloropropanes  Indicate  that  acute 
and  chronic  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
10.300  and  3.040  pg/l  respectively,  and  - 
would  occur  at  lower  concentrations 
among  spedes  that  are  more  sensitive 
than  those  tested.  ...  .  _• 

The  vailable  data  for  *'-  •*? 
dichlor  spropenes  indicate  that  acute 
toxidrj  to  saltwater  aquatic  life  occurs  - 
at  concentrations  as  low  a  as  790  pg/l 
and  would  occur  at  lower 
concentrations  among  spedes  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxfdfy  of  dichloropropenes  to 
sensitive  saltwater  aquatic  life. 

Human  Health  »  ?-• ~  • 

Using  the  present  guidelines,  a '  ‘ 

•atisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  Insufficiency  In 
the  available  data  for  dichloropropanes. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  '  _ 

dichloropropenes  ingested  through  .  _ 
water  and  contaminated  aquatic 
organisms,  the  ambient  water  criterion 
is  determined  to  be  87  pg/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
dichloropropenes  ingested  through 
contaminated  aquatic  organisms  alone,- 


Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
tested  with  2.4-dimethylphenol  and  no 
statement  can  be  made  concerning  acute 
and  chronic  toxidty.  -  » 

Human  Health 

Suifidint  data  axe  not  available  for 

2.4- dimethylphenol  to  derive  a  level 
.'which  would  protect  against  the 

potential  toxidty  of  this  compound- 
Using  available  organoleptic  data,  for 
controlling  undersirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  400  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no  * 

demonstrated  relationship  to  potential 
adverse  human  health  effects. 

2.4- DinitrotoIuene 

*  /  . 

Freshwater  Aquatic  Life  ■ 

The  available  data  for  2,4- 
dinitrotoluene  indicate  that  acute  and’ 
chronic  toxidty  to  freshwater  aquatic 
life  occurs  at  concentrations  as  low  as 
S30  and  230  pg/L  respectively,  and 
would  occur  at  lower  concentrations 
.  among  species  that  are  more  sensitive 
than  those  tested.  -• 

.Saltwater  Aquatic  Life 

'  •  The  available  data  for  2,4- 
dinitrotolu'enes  Indicate  that  acute 
,  toxidty  to  saltwater  aquatic  life  occurs 
-  at  concentrations  as  low  as  590  pg/l  and 
would  occur  at  lower  concentrations, 
among  spedes  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxidty  of  2.4- 
dinitrotoluenes  to  sensitive  saltwater 
aquatic  life  but  a  decrease  In  algal  Cell 
numbers  occurs  at  concentrations  as 
low  as  370  pg/L  •  *  . 

•  Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  2.4- 
dinitrotoluene  through  ingestion  of 
contaminated  water  and  contaminated 


aquatic  organisms,  the  ambient  wat. 
concentration  should  be  zero  based 
the  non-threshold  assumption  for  th 
chemical.  However,  2ero  level  may  r 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  res  _ 
incremental  increase  of  cancer  risk  c 
the  lifetime  are  estimated  at  lCT*.  1C' 
and  10*1  The  corresponding  criteria 
1.1  pg/L  0.11  pg/l  and  0.011  pg/L 
respectively.  If  the  above  estimetes  : 
made  for  consumption  of  aquatic 
-  organisms  only,  excluding  consump  '. 
of  water,  the  levels  are  91  pg/L  9.1 
and  0.91  pg/L  respectively.  Other 
concentrations  representing  differer 
risk  levels  may  be  calculated  by  u:-  ? 
the  Guidelines.  The  risk  estimate  re: . 
Is  presented  for  information  purpos  .■ 
and  does  not  represent  an  Agency 
Judgment  on  an  “acceptable"  risk  h- 

U-Diphenylhydrazine 

Freshwater  Aquatic  Life 

The  available  data  for  1.2- 
dipbenylhydrazine  indicate  that  a cu. 
toxidty  to  freshwater  aquatic  life  ocr 
at  concentrations  ax  low  as  270  pg  r 
would  ocoir  at  lower  concentreticr.. 
among  spedes  that  are  more  sensic 
than  those  tested  No  data  are  avail 
concerning  the  chronic  toxidty  of  1. 
dipbenylhydrazine  to  sensitive 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

No  saltwater  organisms  have  beer 
tested  with  1.2-diphenylhydrarine 
no  statement  can  be  made  concern, 
acute  and  chronic  tcxicity. 

Human  Health 

For  the  maximum  protection  of  hu 
health  from  the  potential  carcinogen: 
effects  due  to  exposure  of  1.2- 
diphenylhydrazine  through  ingestic 
contaminated  water  and  contamir.a 
aquatic  organisms,  the  ambient  we: 
concentration  should  be  zero  besed 
the  non-threshold  assumption  for  th 
chemical.  However,  zero  level  may  r 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  res- 
incremental  increase  of  cancer  risk  c 
the  lifetime  are  estimated  at  10'*.  1C 
■  and  10'.\  The  corresponding  criter.c 
422  ng/1,  42  ng/1,  and  4  ng/L 
respectively,  if  the  above  estimates 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consume 
of  water,  the  levels  are  5.6  pg/L  0.5; 

•  pg/L  and  0.056  pg/L  respectively. 
Other  concentrations  representing 
different  risk  levels  may  be  calculs:. 
by  ose  of  the  Guidelines.  Toe  risk 
estimate  range  is  presented  for 
Information  purposes  and  does  no*. 
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represent  an  Agency  judgment  on  an 
“acceptable"  risk  level  ..  _  .  . 

Eadomilfan 

freshwater  Aquatic  Life  _  ' 

For  endosullsn  the' criterion  to  protect 
freshwater  aquatic  life  at  derived  using 
tb«  Guidelines  UU056  >ig/l  a*  a  24-hcnir 
average  and  the  concentration  should 
not  exceed  0X2  >ig/l  at  any  time. 

Saltwater  Aquatic  Life  ' 

For  andoaulfan  the  criterion  to  protect 
aaltwater  aquatic  life  as  derived  using 
the  Guideline*  la  0.0087  jig/1  aa  a  24-  .' 

hour  average  and  the  concentration 
should  not  exceed  (1034  jig/1  at  any 
time-  .  '  •  _  . .  /. 

Human  Health 


For  the  protection  of  human  health  n 
from  the  toxic  properties  of  endosulfan  , 
ingested  through  water  and  -  \  fr 

contaminated  aquatic  organisms,  the  e 

ambient  water  criterion  is  determined  to  a 
be  74  pg/i  ~  -  '''••■  1  'tl 

For  the  protection  of  human  health  ‘  ^ 

tom  the  toxic  properties  of  endosnlfan  “  _  . 
ingested  through  contaminated  aquatic  4  ^ 

organisms  alone,  the  ambient  water  '  * 
criterion  is  determined  to  be  139  >»g/L  "T 

_ .  f. •"■■v  -  .*  ~ 

Endrin  ••  .Lzril 

Freshwater  Aquatic  Life'  ~  -"r '  * '  •  ' 

*  *•  '  •’r  '  -V  y 

*  '  For  endrin  the  criterion  to  protect  ‘ 
freshwater  aquaticlife  as  derived  using  -  / 

the  Guidelines  Is  0.0023  pg/1  as  a  24- 
hour  average  and  the  concentration  ,  * 
should  not  exceed  aiB  jig/1  at  any  time.  “ 

Saltwater Aquctic Life' 

For  endrin  the  criterion  to  protect .  l» 
aaltwater  aquatic  life  as  derived using.  t! 

the  Guidelines  is  0.0023  pg/1  as  a  24-  '  •r..  t 
hour  average  and  the  concentration 
should  not  exceed  04J37  jig/I  at  any  ”*T'  » 

time.  ••  •  *  t 

Human  Health  -  J'--  1  r.-'Tt*  •' 

The  ambient  water  quality  criterion  ^  6 
for  endrin  Is  recommended  to  be  "  * 
identical  to  the  existing  drinking  water'-  c 
standard  which  ia  l>g/l  Analysis  of  the  r 
toxic  effects  data  readied  in  a 
calculated  level  which  is  protective  of  'r'.  c 
human  health  against  the  ingestion  of  l*1^  , 

contaminated  water  arid  contaminated--*  1 
aquatic  organisms.  The  calculated  value 
la  comparable  to  the  present  standard.  f 
For  this  reason  a  selective  criterion  *  t 
baaed  on  exposure  solely  from  c 

consumption  of  6.3  grama  of  aquatic  "  j 

organisms  was  not  derived.  *  ‘  f 

Ethylbenzene  .  j, 

Freshwater  Aquatic  Life  j. 

The  a\^lsbl^daiajme^ytben2ene  t 


aquatic  Ilfs  occurs  at  concentrations  as 
low  as  32.000  >ig/l  and  would  occur  at' 

-  lower  concentrations  among  species 
that  are  more  sensitive  than  those 
■  tested.  No  definitive  data  art  available 
~  concerning  the  chronic  toxicity  of 
.ethylbenzene  to  sensitive  freshwater 
aquatic  lift.' 

«  •  Saltwater  Aquatic  Life  -  _ 

JThe  available  data  for  ethylbenzene 
Indicate  that  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  aa  430  jig/l  and  would  occur  at  x. 
lower  concentrations  among  species  * 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxicity  of  ethylbenzene  to 
Mnsitive  saltwater  aquatic  life. 

r  Human  Health 


•  For  the  protection  of  human  health 
from  the  toxic  properties  of  , 
ethylbenzene  iiigested  through  water 
and  contaminated  aquatic  organisms. 

'the  ambient  water  criterion  is 
determined  to  be  1.4  mg/L  , 

-  ’  For  the  protection  of  human  health  ’  _ 
from  the  toxic  properties  of 
;  ethylbenzene  ingested  through 
„  contaminated  aquatic  organisms  alone,  V 
'..the  ambient  water  criterion  is 
determined  to  be  3.26  mg/L  ...  , 

,  Fluorantheoe -  .  -  -  V  '  ’•  -  . 

FreshwaterAquatic  Life 

■  Tie  available  data  for  fluoranthene 
indicate  that  acute  toxicity  to  freshweter 
aquatic  life  occurs  at  concentrations  as 
,  low  as  39 BO  >*g/l  and  would  occur  at 
.  lower  concentrations  among  species 
’  that  era  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
-•the  chronic  toxicity  of  fluoranthene  to 
sensitive  freshwater  aquatic  life. 

Saltwater  Aquatic  Life  '  '■'■■■  ;  * 

_  •  . 

’  The  available  data  for  fluoranthene 
‘I  indicate  that  acute  and  chrome  toxicity 
-'to  saltwater  aquatic  life  occur  at  - 
concentrations  ts  low  at  40  and  19  pg/l 
respectively,  and  would  occur  at  lower 
concentrations  among  species  that  are  * 

■  more  sensitive  than  those  tested.  . 

Human  Healthy  .  T.;-" 

For  the  protection  of  human  health 
from  the  toxic  properties  of  fluoranthene 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
.ambient  water  oiterion  is  detarmined  to 
be  42  pg/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of  fluoranthene 
ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  5-i  ng/1. 


Haloelhers 

Fresh  wa  ter  Aquatic  Life 

The  available  dais  forhaloethen 
Indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occur  at 
concentrations  as  low  as  360  and  122 

{ig/L  respectively,  and  would  occur  at 
ower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  • .  - 

I  , 

Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
tested  with  any  haloether  and  no 
.statement  can  be  made  concerning  acu‘ 
or  chronic  toxicity. 

Human  Health 

„  Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derives 
at  this  time  due  to  the  Insufncierxy'Ln 
the  available  data  forhaloethers. 

Halo  me  thanes 

Freshwater  Aquatic  Life 

The  available  data  for  halcmethar.es 
indicate  that  acute  toxicity  to  freshwat 
,  aquatic  life  occurs  at  concentrations  a. 

.  low  as  11X00  jig/l  and  would  occur  at 
lower  concentrations  among  species  * 
that  art  more  sensitive  than  thosa 
tested.  No  data  are  available  concern!  < 
the  chronic  toxicity  of  halomethar.es  j 
•ensitive  freshwater  equatic  life.  I 

Saltwater  Aquatic  Life  -  j 

The  available  data  for  balomethar.?  I 
indicate  that  acute  and  chronic  toxic  I 
to  saltwater  aquatic  life  occur  at  I 
concentrar.ons  as  low  as  12.0CO  arc  I 
6,400  pg/l  respectively,  and  would  I 
occur  at  lower  com  entrations  amen;  I 
apecies  that  are  mere  sensitive  than  I 
those  tested.  A  decrease  in  algal  cell  I 
.  numbers  occurs  at  concentrations  as  I 
low  as  11.500  >ig/L  I 

♦  Human  Health  .  I 

For  the  maximum  protection  of  hu  I 
health  from  the  potential  carcusoger.  I 
effects  due  to'exposure  of  I 

ehloromethane.  bromomethane.  f 

dichlorome  thane.  I 

bromodichlorometbane.  I 

tribromomethane,  I 

dichlorodifluoromethane,  I 

'  trichlorofluorome thane,  or  combir.  I 
of  these  chemicals  through  leges  tic  I 
contaminated  water  and  cant  amir.  I 
aquatic  organisms,  the  ambient  v»  I 
concentration  should  be  zero  best  I 
the  non-threshold  assumption  fer  I 
chemical.  However,  zero  level  me  J 
be  attainable  at  the  present  time  J 
Therefor*,  the  levels  which  may  r-  J 
incremental  increase  of  cancer  ns  I 
the  lifetimes  are  estimated  at  10' 1  j 
and  i0*f.  The  corresponding  crite  I 


*  — 
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1.8  CUfi  pg/L  and  OJ519  pg/L 
respectively.  If  the  above  estimate*  are 
made  for  consumption  of  aquatic 
organismi  only,  excluding  coniumption 
of  water,  the  levelj  are  157  pg/L  15.7 
pg/L  and  157  pg/L  respectively;  Other 
concentrations  representing  different 
risk  levels  say  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an'Agency 
judgment  on  an  “acceptable”  risk  level. 


-Heptachlor"  ••  _  •'  ••  • 

Fresh water  A  q uolicLife  ''  ‘  , 

For  beptachlor  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
the  Guidelines  Is  0.0038  pg71  as  a  24-  . 
hour  average  and  the  concentration  _ 
.should  not  exceed  0.52  pg/l_at  any  time. 

.Saltwater  Aquatic  Life  '  .  .  ., 

For  heptachlor  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.0038  p.g/1  as  a  24- 
hour  average  and  the  concentration 
-  should  not  exceed  0.053  pg/1  at  any 


time.'  ' ,  :  _ 

Human  Health 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  heptachlor  1 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 


'assumption  lor  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  Incremental  increase  of 
cancer-risk,  over  the  lifetimes  are  . 


•estimated  at  lCT*.  10'*,  and  l(TT.The  'i  y 
corresponding  criteria  are  2.78  ng/l  28 
—ng/L  and  .028  ng/l  respectively.if  the_  • 
above  estimates  are  made  for 
consumption  .of  aqnatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  2.85  ng/l  -29  ng/l  and  .029 
ng/l  respectively.  Other .. , 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range  - 
is  presented  for  information  purposes  ' 
and  does  not  represent  an  Agency  '  ::  * 
judgment  on  an  “acceptable",  risk  leveL  ' 


HexjachlorobuUdiena  *5- *  v 

Freshwater Axp3QticUfem  -  .  •  - 


The  available  data  for 
hexachlorobuta diene  indicate  (hat  acute 
and  chronic/toxidty  to  freshwater  . 
aquatic  life  occur  at  concentrations  as 
low  as  90  and  9.3  pg/L  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  .  '  _ 


Saltwater  Aquatic  Jjfg 


The  available  data  for 
hexachlorobuta  diene  indicate  that  acute 
toxicity  to  saltwater  aqnatic  life  occurs 
at  concentrations  as  low  as  32  pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
that  those  tested. No  data  are  available 
concerning  the  chronic  toxicity  of  . 
hexachlorobuta  diene  to  sensitive 
saltwater  aquatic  life  '  -  * 


Human  Health 


.  r  .  -  .  • 

Tor  the  maximum  protection  of  human 
'health  from  the  potential  carcinogenic 
effects  due  to  exposure  of 
.hexachlorobutadiene  through  ingestion 
of  contaminated  water  and  ” 
contaminated  aquatic  organisms,  the 
-ambient  water  concentration  should  be 

•  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be, attainable  at  the 
present  time.  Therefore,  the  levels  which 

.  may  iesnlt  to  Incremental  increase  of 
cancer  risk,  over  the  lifetrmes_are 
'  estimated  at  10“*,  10“\  and  10*1  The 
-corresponding  criteria  are  4.47  pg/l  0.45 
pg/l  and  0.045  pg/l  respectively.  If  the 
/  above  estimates  are  made  for 

-  consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  500  pg/l.  50  pg/L  and  5  pg/1 
respectively.  Other  concentrations 

-  representing  different  risk  levels  may  be 
calculated  try  use  ofthe  Guidelines.  The" 
risk  estimate  range  is  presented  for 

„  information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
.“acceptable”  risk  leveL  _  • 

.  Hexachlorocydobexane  - 

'  Lindane'  ~  _ 

.  ...... r-:  --Z.  . 

Freshwater  Aquatic  Life  ~  . 

For  Lindane  the  criterion  to  protect 

*  freshwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.080  pg (\  ws  e  24-hour 
average  and  the  concentration  should 
not  exceed  2.0  pg/1  at  any  lime. 

. .  Saltwater  Aquatic  Life  :  -  - 


For  saltwater  aqnatic  life  the 
"  concentration  of  lindane  should  ocK  •* 
exceed  0.18  pg/1  at  any  time.  No  data  * 
are  available  concerning  the  chronic 
",  toxicity  of  lindane  to  sensitive  seltwater 
aquatic  hie. 

■  '  .  .  .  vi  _ 

BHC  ■  ..  r'  . 1  -  *  .t 
Freshwater  Aquatic  Life  ~ 

The  available  date  for  a  mixture  of 
Isomers  of  BHC  indicate  that  acute 
toxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  100  pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
"  J-30 


concerning  the  chronic  toxicity  of  a 
mixture  of  isomers  of  BHC  to  secsiu 
freshwater  aqnatic  life. 

Saltwater  Aquatic  Life 

The  available  date  ftr  a  c- 

isomers  of  BHC  indicate  that  acute 
toxicity  to  saltwater  aquatic  life  occc 
at  concentrations  as  low  as  034  pg/1 
and  would  occur  at  lower 

“  concentrations  among  species  that  c 

,  more  sensitive  than  d>ose  tested  Nc 
data  are  available  concerning  the 
"chronic  toxicity  of  t  mixture  of  iscm. 
of  BHC  to  sensitive  saltwater  aquati 
life-  - 

.  Human  Health 

For  the  maximum  protection  of  h 
health  from  the  potenhal  carcir.cgec. 
effects  due  to  exposure  of  alpha-HC. 
through  ingestion  of  contaminated  * 
and  contaminated  aquatic  organism 
the  ambient  water  concentration  shr 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  Howe- 

-  zero  level  may  not  be  attainable  at  t> 

-  present  time.  Therefore,  tbt  levels  > 
may  result  in  incremental  increase  c 
cancer  risk,  over  the.lifetimes  are 
estimated  at  30“»,10**,  and  10“ Tz 
corresponding  criteria  axe  92  ng/L  S. 
ng/l  and  J32 ng/L  respectively.  If  th- 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  c: 
excluding  consumption  of  water,  the 
levels  are  310  ng/L  31.0  ng/L  and  3 
ng/I  respectively.  Other  concentre:; 
representing  different  risk  levels  m. 
calculated  by  use  of  tbs  Guideline:, 
risk  estimate  range  is  presented  fcr 
information  purposes  and  does  cot 
represent  an  Agency  judgment  on  an 
“acceptable”  risk  level 

Forthe  maximum  protection  or  bu 
health  from  the  potential  cardnoger. 
effects  due  to  exposure  of  bete-HCH 
through  ingestion  of  contaminated  v. 
and  contaminated  aquatic  organism.: 
the  ambient  water  concentration  she 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  Howev 
zero  level  may  not  be  attainable  at  ti 
present  time.  Therefore,  the  levels  vl 
may  result  is  Incremental  increase  of 
cancerrisk,  over  the  lifetimes  are 
estimated  at  10“*.  1CT*.  and  10“’.  Tbs 
corresponding  criteria  art  163  ng/L  ; 
ng/L  and  133  ng/L  respective!)-.  If  th 
above  estimates  are  made  for 
consumption  of  vquatic  organisms  or 
excluding  connuapf'1-  o  of  water,  the 
levels  are  547  ng/l.  543  ng/l  and  5  <“ 
ng/l  respectively.  Other  concentrati: 
representing  different  risk  levels  me> 
calculated  by  use  of  the  Guidelines  T 
risk  estimate  range  is  presented  for 
information  purposes  and  does  no: 
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represent  as  Agency  Judgment  on  an 
“acceptable"  risk  level  _  * " 

For  the  maxim  nm  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  tech-HCH 
through  ingestion  of  contaminated  water 
-and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  baaed  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the  - 
present  time.  Therefore,  the  levels  which 
may  result  in  Incremental  increase  of 
cancer  risk,  over  the  lifetimes  are 
estimated  at  lCTMtr*.  and  ltTl The  '** 
corresponding  criteria  are  123  ng/l  123  - 
ng/l  and  133  ng/l  respectively.  If  the 
above  estimates  are  made  for 


aquatic  life  occurs  at  concentrations  at 
lew  as  7 S3  and  53  pg/1,  respectively,  and 
would  occur  at  lower  concentrations 
among  spedes  that  are  mere  sensitive 
than  those  tested. 

Saltwater  Aquatic  Life 

The  available  data  to  .  '  .*  ~ 
hexachlorocyclopentadiene  indicate  that 
acute  toxidty  to  saltwater  aquatic  life  ' 
qccurs  at  concentrations  as  low  as  73 
pg/1  and  would  occur  at  lower 
concentrations  among  spedes  that  are 
more  sensitive  then  those  tested.  No 
data  are  available  concerning  the 
.chronic  toxidty  of  -  r_-  •  -  "  ‘ 

hexachlorocydopentadiene  to  sensitive 
saltwater  aquatic  life.  '  „ 


consumption  of -aqua  tic  organisms  only,  - 
excluding  consumption  of  water,  the 
levels  are  414  ng/l  41.4  ng/l  and  4.14  - 

ng/l  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for  ■_ 
information  purposes  and  does  not  * 
represent  an  Agency  judgment  on  an. 
"acceptable"  risk  level  '  f 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  gamma-HCH 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, .  .  j  - 
the  ambient  water  concentrations  TV 
should  be  zero  based  on  the  non- 
threshold  assumption  for  this  chemical  ••'.'* 
However,  zero  level  may  not  be  Ttrvfrv 
attainableat  the  present  time. 

Therefore,  the  levels  which  may  result  In 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  lO-*,  10~l  ... . 
and  10*1  The  corresponding  criteria  are  . 
186  ng/l  18-8  ng/l  and  136  ng/L  .*  — 

-respectively.  If  the  above  estimates  are  •• 
made  for  consumption  of  aquatic  ? 
organisms  only,  excluding  consumption  . 
of  water,  the  levels  are  625  rfg/l  623  -  r*  \ 
ng/l  635  ng/l  respectively.  Other .  •-  .je* 
concentrations  representing  different  i 
risk  levels  may  be  calculated  by  use  of  > 
the  Guidelines. The  risk  estimate  range.;-"!' 
is  presented  far  information  purposes  tr¬ 
end  does  not  represent  an  Agency  -  ' 

Judgment  on  an  "acceptable"  risk  level  •' 

Using  the  present  guidelines,  a  •  •  - 

satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in  . 
.the  available  data  for  delta-HCH.%. 

Using  the  present  guidelines,  a  1  ■  i  - 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in  « 
the  available  data  for  epsilon-HCH.  * _~ 

Haxachlorocydopeatadiene  ‘  -• 

Freshwater  Aquatic  Life  _  . 

The  available  data  for 
hexachlorocyclopentadiene  indicate  that 
acute  and  chronic  toxicity  to  freshwater 


Human  Health  -  -n.  <-  - 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for 

hexachlorocyclopentadiene.  Based  on 
available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  is  206  pg/l  Using  available  ' 
organoleptic  data. Tor  controlling 
undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  1  JO 
/ig/1.  it  should  be  recognized  that 
organoleptic  data  as  a  basis  for  -  •  -  ' 

establishing  a  water  quality  criterion  ' 
have  Hmitationa  and  have  no  .  '*  '  V 
demonstrated  relationship  to  potential 
adverse  human  Health  effects. 

Isopborone  ^  ", 

Freshwater  Aquatic  Life  ■'-*  .  . 

■  The  available  data  for  isopborone 
indicate  that  acute  toxicity  to  freshwater 
aquatic  life  ocurs  at  concentrations  as 
low  as  117,000  pg/1  and  would  occur  at 
tower  concentrations  among  spedes 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxidty  of  isopborone  to 
sensitive  freshwater  aquatic  life.  .. 

Saltwater  Aquatic  Life  '  ‘  "  >\  1  ■*• 

*  .The  available  data  for isophorone  * 
indicate  that  acute  toxidty  to  saltwater 
aquatic  life  occurs  at  concentrations  as- 
low  as  12.900  pg/1  and  would  occur  at  . 
tower  concentrations  among  species  p 
that  are  more  sensitive  than  those 
'tested.  No  data  are  available  concerning 
.the-rhroaic  toxidty  of  isophorone  to 
sensitive  saltwater  aquatic  life. 

Human  Health  .  .  *  \~  • 

For'lhe  protection  of  human  health 
from' the  toxic  properties  of  isopborone 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  5.2  mg/L  » 

For  the  protection  of  human  health 
from  the  toxic  orooerties  of  isophorone 


ingested  through  contaminated  aqurti 
organisms  alone,  the  ambient  water 
'criterion  is  determined  to  be  520  nsg/l 

Lead 

Freshwater  Aquatic  Life 

~  For  total  recoverable  lead  the 
criterion  [in  jig/1)  to  protect  freshwate 
aquatic  life  as  derived  using  the 
Guidelines  is  .he  numerical  value  give 
by  e(235[ln(b.ardne3s]]-9.45)  as  a  24- 
'  -hour  average  and  the  concentration  p 
pg/1)  should  not  exceed  the  numericus. 
■  value  given  by  e(132[ln(hardnes*)}-C 
at  any  time.  For  example,  at  hardness 
of  50, 100,  and  200  mg/1  as  CaCOi  the 
criteria  are  035,  33.  and  20  fig/L 
respectively,  as  24-hour  averages,  ire 
the  concentrations  should  not  exceed 
170,  and  400  pg/l  respectively,  at  an 
time..  •  •„  ~ 

Saltwater  A  quctic  Life 

.  The  available  data  for  total 
recoverable  lead  indicate  that  acute  a 
chronic  toxidty  to  saltwater  aquatic  L 
occur  at  concentrations  as  low  as  663 
and  25  jig/L  respectively,  and  would 
occur  at  lower  concentrations  amen; 
spedes  that  are  more  sensitive  than 
-those  tested.  .  ,  •  ".  . 

_  Human  Health 

The  ambient  water  quality  enteric:: 
for  lead  is  recommended  to  be  ider.tic 
to  the  existing  drinking  water  stands.- 
’  which  is  50  jig/l.  Analysis  of  the  toxic 
effectJ  data  resulted  in  a  calculated 
level  which  is  protective  to  human 
health  against  the  ingestion  of 
contaminated  water  and  contaminate 
aquatic  organisms.  The  calculated  vsi 
is  comparable  to  the  present  standard 
For  this  reason  a  selective  criterion 
based  on  exposure  solely  from 
consumption  of  8.5  grams  of  aquatic 
organisms  was  not  derived. 

Mercury 

Freshwater  Aquatic  Life  . 

For  total  recoverable  mercuryofce 
.  criterion  to  protect  freshwater  aquatic 
life  as  derived  using  the  Guidelines  is 
0.00057  >»g/l  as  a  24-hour  average  and 
the  concentration  should  not  exceed 
0.0017  jig/1  at  any  time. 

Saltwater  Aquatic  Life  *  - 

For  totaJ  recoverable  mercury  ti  e 
criterion  to  protect  saltwater  aquatic  L 
at  derived  using  the  Guidelines  is  C.Cd 
Mg/1  «s  a  24-hour  average  and  die 
concentration  should  not  exceed  3.7 
at  any  time. 

Human  Health  .  . 

For  the  protection  of  human  health 
from  the  toxic  properties  of  mercury 
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ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  144  ng/L  „  ■ 

For  the  protection  of  human  health 
.from  the  toxic  properties  of  mercury 
ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  148  ng/L  - 

’  Nota.— These  values  Include  the  ' 
consumption  of  freshwater,  estuarine,  sod’  " 
marine  spedes.  '  * 

»  .  **  .  . 
Naphthalene  -  ”  ■  .*• 

Freshwater  Aquatic  Life  .  *„■ 

The  available  data  to  naphthalene 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occur  at  ,'v 
concentrations  as  low  as  2.300  and  820 
pg/L  respectively,  and  wouldoccur  at 
lower  concentrations  among  spedes 
that  are  more  sensitive  than  those ' 
tested.  .  .  '•  ..  . . 


Saltwater  Aquatic  Life'  ' 

V  .  •  ’■*  .*•  *  •  •  ?•  **  ,  • 

The  available  data  lor  naphthalene' 
indicate  that  acutgjnxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as. 
-low  as  2J350  pg/1  and  would  occur  at  . 
lower  concentrations  among  apecips 
.that  are  more  sensitive  than  those  > 
tested.  No  data  are  available' concerning 
the  chronic  toxicity  of  naphthalene  to  j- . 
sensitive  saltwater  aquatic file.  •’ 

Human  Health  ^?Vi ' ‘  »”  £  \:ji  1'2-  ri 


Using  the  present  guidelines,  a  .  • 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in ..  . 
the  available  data  for  naphthalene.  -  ;L_ 

Nickel  ...  .  yb  J;  ' 

Freshwater  Aquatic  Life •'?'?  “  is?***?,#  v  t 

For  total  recoverable  nickel  the  : 
criterion  (in  pg/I)  to  protect  freshwater' 
aqne*»c  life  as  derived  using  the .  *»  *  'T* 
Guidelines  is  the  numerical  value  given  ' 

_  by  e(0.76  (In  (hardness]]  -HjD6]  as  a  24- 
.  hour  average  and  the  concentration  (in 
'  jig  A)  ahould  not  exceed  fte  numerical . ./ 
value  given  by  e(0.76(In  (hardness]}  +</. 
402)  at  anytime.  For  example;  at  -j*  ’>f 

-  hardnesses  of  50, 100,  and  200  mg/1  as  -  ■ 

-  CaCOi  the  criteria  are  58. 96.  end  160  7-  "• 
.fig /l  respectively,  at'i4-bour  everegei, 

and  the  concentrations  should  not 
'exceed  1.100, 1.800,  and  3,100  pgA,  ' 
respectively,  at  any  feme,  •?.'  r.  ;  Z  fj- 

Saltwater  Aquatic  Life  '•>*-  . 

For  total  recoverable  nickel  the  ’*  : 
criterion  to  protect  saltwater  aquatic  life 
as  derived  using  the  Guidelines  is  7.1 
l»g/l  as  a  24-hour  average  *pd  the  f- ' 
concentration  should  not  exceed  140  pg/ 

1  at  any  time.  _  ; .  ....  '  _ 


Human  Health 

Tor  the  protection  of  human  health 
from  the  toxic  properties  of  nickel 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
-be  13.4  pg/L  •  -  ■  •  •  -  • 

•  For  the  protection  of  human  health 
from  theToxic  properties  of  nickel 
ingested  through  contaminated- aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  100  pg/L  * 

Nitrobenzene  —  -  •  /'  ■ 

Freshwater  Aguatic  Life  ~  - 

‘  The  available  data  far  nitrobenzene 
•Indicate  that  acute  toriqjrj  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  27,000  pg/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  definitive  data  are  "available 
concerning  the  chronic  toxicity  of 
nitrobenzene  to  sensitive  freshwater 
aquatic  life. '  ... 

Saltwater  Aquatic  Ufe  ~  "  : 

...  The  available  data  for  nitrobenzene 
indicate  that  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
'.low  as  6,680  pg/1  and  would  occur  at  • 
lower  concentrations  among  spedes 
;  that  are  more  sensitive  than  those  '  *  * 
tested.  No  data  are  available  concerning 
the  chrome  toxicity  of  nitrobenzene  to 
sensitive  saltwater  aquatic  life. 

v  T.  -••••  .  «»  _  ■(_  ■  ••...••  ... 

Human  Health  ■  ' 

-For  comparison-  purposes,  two  *  . 
'approaches  were  used  to  derive' .  " 

•  criterion  levels  for  nitrobenzene.  Based 
on  available  toxidty  data,  for  the 

{trotection  of  public  health,  the  derived 
evel  is  39  J  mg  A.  Using  available  ,.T 

.  organoleptic  data,  for  controlling 
.undesirable  taste  and  odor  quality  of 
..ambient  water,  the  estimated  level  is  30 
pg/L  It  should  be  recognized  that  _  ^ 
organoleptic  data  as  a  basis  for  - 
'  establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential  1 
r  adverse  human  health-effects.  _ ; 

.-.Nltropbenols  ’*•,  -  - 

Freshwater  Aquatic  Life 

The  available  data  for  nltropbenols 
■  indicate  that  acute  toxicity  to  freshwater 
aquatic  iiie  occurs  at  concentrations  as 
low  as  230  pg/1  and  would  occur  at 
lower  concentrations  among  spedes 
that  are  more  sensitive  than  those 
tested.  No  dels  are  available  concerning 
the  chronic  toxicity  of  nitrophenols  to 
.  sensitive  freshwater  aquatic  life  but 
toxidty  to-one  spedes  of  algae  occurs  at 
concentrations  as  low  as  350  pg/L 


Saltwater  A  qua  tic  Life 

The  available  data  for  nitrophenols 
indicate  that  acute  toxicity  to  sahwate; 

•  aquatic  life  occurs  at  concentrations  : 
low  as  4,850  pg/1  and  would  occur  a: 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concern 
the  chronic  toxidty  of  nitrophenols  to 
sensitive  saltwater  aquatic  life. 

Human  Heal'Jt 

For  the  protection  of  human  health 
from  the  toxic  properties  of  24-dmitro 
cresol  ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determine: 
be  13.4  pg/L 

For  the  protection  of  human  health 
from  the- toxic  properties  of  2,4-dL-.:tr: 
cresol  ingested  through  contaminated 
aquatic  organisms  alone,  the  ambler' 
water  criterion  is  determined  to  be  7; 

-  hs/l 

For  the  protection  of  human  heel’d: 
from  the  toxic  properties  of 
dinitrophenol  ingested  through  water 
and  contaminated  aquatic  organisms 
the  ambient  water  criterion  is 
determined  to  be  70  pg/L 

For  the  protection  of  human  health 
■  from  the  toxic  properties  of 
dinitrophenol  ingested  through 
contaminated  aquatic  organisms  afar 
the  ambient  water  criterion  is 
determined  to  be  143  mg/L 
,  Using  the  present  guidelines,  a 
.  satisfactory  criterion  cannot  be  c~- 

•  at  this  time  due  to  the  insufficiency 
the  available  data  for  monamtrcp'r- 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  deri- 
at  this  time  doe  to  the  insufficiency  :: 
the  available  data  for  CvnitrophenoL 

Nttrosamines 

Fresh  water  Aquatic  Life 

The  available  data  for  nitrosarnfae 
Indicate  that  acute  toxicity  to  freshv. 
aquatic  life  occurs  at  concentrations 
,  low  as  5.850  pgA  and  would  occur  a : 
lower  concentrations  among  species 
that  are  sore  sensitive  than  those 
.  tested.  No  data  are  available  concern 
the  chronic  toxicity  of  nitrosamines  t 
sensitive  freshwater  aquatic  lie 

Saltwater  Aquatic  Life 

The  available  data  for  nitrosamir 
Indicate  that  acute  toxicity  to  ss’rw 
aquatic  life  occurs  at  concentration; 

.  low  as  3.300.000  pg/1  and  would  occ 
lower  concentrations  among  specie: 
that  are  more  sensitive  thee  tho:: 
.tested.  No  data  are  available  concer 
the  chronic  toxiciry  of  nitrossmine; 
sensitive  saltwsler  squstie  life. 


4 
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Human  Health  ■ 

For  the  maximum  protection  of  human 
health! from  the  potential  carcinogenic 
effects  due  to  exposure  of  n- 
nitroaodlmethylamlne  through  Ingestion  " 
of  conLaminatsd.water  ini  ' 

contaminated  aquatic  organisms,  the  - 
ambient  water  concentration  should  be  “ 
xero  based  on  the  non-threshold  J.  ; 
assumption  for  this  chemicaL  However7 
ztro  level  may  not  be  attainable  it  the 
present  time.  Therefore,  the  levels  which 
may  result  In  incremental  Increase  of 
cancer  risk,  over  the  lifetimes  are  ‘  "•  .*■-• 

estimated  at  10'MtT*.  and  10*T. The  .■ 
corresponding -criteria  are  14  eg  A.  1.4 
ng/l  and  J4  ng/l  respectively.  If  the  . 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  160.000  ng/L  16.000  ng/l  and 
1.800  ng/l  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
•  and  does  not  represent  an  Agency 
judgment  on  an  “acceptable"  risk  leveL 

For  the  maximum  protection  of  human  . 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  n--  ',U  ; 

m'tro  so  die  thy  famine  through  Ingestion  of  r 
contaminated  water  and  contaminated .  .-V 
aquatic  organisms,  the  ambient  water 
concentration  shouldbe  rero  based  on  .' 
the  non-threahold  assumption  for  this  ...  r 
chemicaL  HoWever.  zero  level  may  not  • 
be  attainable  at  the  present  time.  . ' 
Therefore,  the  levels  which  may  result  In 
incremental  increase  of  cancer  risk,  over 
.  the  lifetimes  are  estimated  at  1(T‘,  10“-\ 
and  10*1  The  corresponding  criteria  are 
8  ng/l  0J  ug7l  and  008  ng/L  .. 
respectively.  If  the  above  estimates  are  _ / 
made  for  consumption  of  aquatic  ~* 

organisms  only,  excluding  consumption 
of  water,  the  levels  are  12.400  ng/l  1240 
ng/l  and  124  ng/l  respectively.  Other 
concentrations  representing  different  ' 
risk  levels  may  be  calculated  by  use  of '  . 

the  Guidelines.  The  risk  estimate  range- '  ‘ 
is  presented  for  Information  purposes 
and  does  not  represent  an  Agency  '  t 
-judgment  on  an  “acceptable"  risk  level ' ; 

For  the  maximum  protection  of  human  ** 
health  from  the  potential  carcinogenic  "  ' 
effects  due  to  exposure’  Is  n-nitrbsodi-n- 
butylaraine  through  ingestion  of  *  —  ■*-“ 

contaminated  water  and  contaminated., 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  noo-threshold  assumption  for  this  • 
chemical.  However,  zero  level  may  nof 
'  be  attainable  at  the  present,  time. 
Therefore,  the  levels  which  may  result  in. 
incremental  increase  of  cancer  risk,  over 
the  UIeVjr.es  are  estimated  at  10”*.  10*', 
and  10*1  The  corresponding  criteria  are  . 


64  ag/1 6.4  ng/l  and  .064  ng/l  ' 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  5,868  ng/l.  587 
ng/L  and  58.7  ng/l  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
;  the  Guidelines.  The  risk  estimate  range 
is  presented  for  Information  purposes  ' 
and  does  not  represent  an  Agency 
judgment  on  ah  “acceptable"  risk  level 
.  For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
‘  affects  due  to  exposure  in  n-  • 
nitrosodiphenylarr.lne  through  ingestion 
of  contaminated  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be 
zero  based  on  the  non-threshold 
’assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk,  over  the  lifetimes  are 
estimated  at  10“*,  1(T*,  and  10~l  The 
corresponding  criteria  are  49  000  ng/l 

4.900  ng/l  and  490  ng/l  respectively.  If 
.  the  above  estimates  are  made  for 

:  consumption  of  aquatic  organisms  only.  * 
excluding  consumption  of  wa  ter,  the 
levels  are  161.000  ng/l  16,100  ng/1.  and 
‘1.810  ng/l  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of. 
the  Guidelines.  The  risk  estimate  range 
'  la  presented  for  information  purposes 
and  does  not  represent  an  Agency  _ 
judgment  on  an  "acceptable"  risk  leveL 
For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  in  n- » 

.  nitrosopyrrolidine  through  Ingestion  of  / 
'contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
.incremental  increase  of  cancer  risk,  over 
the  lifetimes  are  estimated  at  10**,  10**, 
and  10~\  The  corresponding  criteria  are 
*180  ng/l  18.0  ng/l  and  1.60  ng/l 
■respectively.  If  the  aboye  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  919.000  ng/l. 

91.900  ng/l.  and  9,190  ng/l  respectively. 

Other  concentrations  representing  _ 
different  risk  levels  may  be  calculated 
by  use  of  the  Guidelines^ The  risk 
estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  level.  *  * 


Pentachloropbenol 
Fresh  water  A  qua  tic  Life 

The  available  data  for 
pentachlorophenol  indicate  that  acute 
and  chronic  toxicity  to  freshwater, 
aquatic  life  occur  at  concentrations  as 
low  as  55  and  3.2  jig/L  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  $tose  tested  _ 

Saltwater  Aquatic  Life 

The  available  data  for 
pentachlorophenol  indicate  that  acute  _ 
and  chronic  toxldty  to  saltwater  aquati : 
life  occur  at  concentrations  as  low  as  S3 
and  84  p.g/1  respectively,  and  would 
occur  at  lower  concentrations  among 
species  that  are  more  sensitive  than 
those  tested.  '  _  - 

Human  Health 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  pentachlorophenol. 
Based  on  available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  is  1.01  mg/1.  Using  available 
organoleptic  data,  for  controlling  ' 
undeslrabl*  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  ZC 
fig/l  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Phenol 

Fresh  water  Aq  uctic  Life 

The  available  data  frr  phenol  Indicate 
that  acute-and  chronic  oxicity  to 
freshwater  aquatic  life  occur  at 
concentrations  as  low  as  10.200  and 
1  2-560  fig/l  respectively,  and  would 
occur  at  lower  concentrations  among 
■  species  that  arc  more  sensitive  than 
those  tested.  ■ 

Saltwater  Aquatic  Life 

The  available  data  for  phenol  Indicate 
that  acute  toxicity  to  saltwater  aquauc 
Life  occurs  at  concentrations  as  low  as 
5.800  ug/1  and  would  occur  at  lower 
concentrations  among  species  that  ere 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
•  chronic  toxicity  of  phenol  to  sensitive 
saltwater  aquatic  life. 

Human  Health  " 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  phenol.  Based  on 
available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  is  3.5  mg/!.  Using  available 
organoleptic  data,  for  controlling 
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undesirable  tastr  and  odor  quality  of 
ambient  crater,  the  estimated  level  is  0.3 
mg/L  h  should  be  recogniied  that 
organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no 
demonstrated  relationship  to  potential  ■ 
adverse  human  health  effect*.  ' 

Pbtbalale  Ester* 

.*  *  ■  •  9 

Freshwater  Aquatic  Ufe  '  --  -  ^ 

The  available  dala  for  phthalate  . 
esters  indicate  that  acute  and  chronic 
toxicity  to  freshwater  aquatic  life  occur 
at  concentrations'  as  low  as  940  and  3  . 

(tg/X  respectively,  and  would  occur  at 
ower  concentrations  among  species  _  - 
that  are  mat  sensitive  than  those 
tested.  •  .  •  .  . 


Saltwater  Aquatic  Life 


The  available  dala  for  phtbalate 
esters  indicate  that  acute  toxidty  to 
saltwater  aquatic  life  ©cccrs  at 
concentrations  as  krw  as  2944  pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are.more  sensitive 
than  those  tested.  No  data  are  available 


concerting  tire  chronic  texierty  of 
phtbalate  esters  to  sensitive  saltwater 
aquatic  bTe  but  toxicity  to  one  spe ries  of 
algae  occurs  at  concentrations  as  low  as 


3.4  pg/L  _  .. 


Human  Health  V  r  *  \  -v  ^ 

For  the  protection  of  human  health  • 

-  from  the  taxi c properties  of  dimethyl-  • 
phtbalate  ingested  throagh  water  and 
contaminated  aquatic  organisms  the 

-  ambient  water  criterion  »  determined  to 


be  313  mg  A-  -  ;•  *'  •  '. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  dimethyl- 
pbthalate  ingested  through 
contaminated  aquatic  organisms  alone, 
the  ambient  water  criterion  is  -  ~  t* 
determined  to  be  2.9  gA-- ’  "N  ' 

For  the  protection  of  human’ health-  - 
from  the  toxic  properties  of  diethyl- 
phtbalate  ingested  through  water  and 
contaminated  aquatic  organisms,  the  *> 
ambient  water  criterion  ts  determined  to 


be  350  mgA.  ’ 

For  The  protection  of  human  health  '  ' 
from  the  toxic  properties  or  diethyl-  ’  ‘ r 
phthalate  ingested  through  .  .•  .  V 

contaminated  aquatic  organisms  alone, 
the  ambirnt  water  criterion  Is  •V;_*  . 


determined  lo~£e  1-8 g/L 
For  the  protection  of  human  health 
from  the  toxic  properties  of  dibirtyl- 
. phthalate  ingested  through  water  and 
contaminated  aquatic  organisms,  -the 
ambient  water  criterion  is  determined  to 


be  34  mg/l  '  • 

For  the  protection  of  human  health 
from  the  toxic  properties  of  dibutyi- 
phlhalate  ingested  through 


contaminated  aquatic  organisms  alone, 
the  ambient  water  criterion  is 
determined  to  be  154  mg/l. 

Fot  the  protection  of  human  health 
from  the  toxic  properties  of  di-2- 
ethylhexyl-phthaiate  ingested  through 
water  and  contamisated  aquatic 

■  ■  organisms,  the  ambient  water  criterion 

fa  determined  to  be  15  mg/L 
For  the  protection  of  human  health 
.from  the  toxic  properties  of  di-2- 
ethylhexyl-pbthalate  Ingested  through  - 

■  contaminated  aquatic  organisms  alone, „ 
the  ambient  water  criterion  is  • 
determined  to  be  50  mg/l- 

Polychlorinated  Biphenyls 

Freshwater  AquaBc  Life 

fFor  polychlorinated  biphenyls  the 
criterion  to  protect  freshwater  aquatic 
life  as  derived  using  the  Guidelines  is 
0.014  pg/1  as  a  24-hour  averagedThe 

-  available  data  indicate  that  acute 
toxicity  to  freshwater  aquatic  life 
probably  will  only  occur  at 

.concentrations  above  2 2  pgfl  and  that 
the  24-hour  average  should  provide 
adequate  protection  against  acute 
toxidty.;..*'-  .  . 

Saltwater  Aquatic  Live"  *  '  ; 

r  ‘  -  ^**1.  ’  ' 

_  -  •  For  polychlorinated  biphenyls  the 
..  criterion  to  protect  sahwaser  aquatic  life 
as  derived  using  the  Guidelines  is  0230 
pg/1  as  a  24-hour  average.  The  available 
r.  data  indicate  that  acute  toxicity  to 
'  saltwater  aqua Sclife  probably  will  only 
occur  at  concentrations  above  12  pg/1 

■  and  that  the  24-bour  average  should  - 

provide  adequate  protection  against 
acute  toxidty  “--y  *' 

■  Human  Health ‘  .  - 

For  the  maxima®  protection  of  human 
health  from  lhepotential  carcinogenic 
-effects  due  to  exposure  of  PCBs  through 
ingestion  of  contaminated  water  and 

■  contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be 
xero  based  on  the  ooo-throsbold 

•  assumption  for  this  chemical.  However, 
/--zero  level  may  not  be  attainable  at  the  ‘ 
"present  tine.  Therefore,  the  ieveb  which 
'  may  result  in  incremental  increase  of 
.  cancer  risk  over  the  lifetime  are 
estimated  at  JO-’,  10'*.  and  10"’.  The 
corresponding  criteria  are  -76  tig  A.  0.76 
yng/l  and  2076  ng/L  respectively.  If  the 

-  above  estimates  are  made  for 
consumption  of  aquatic  organisoxonly, 
excluding  consumption  of  water,  the 
levels  art  JS  ag/L  279  ng/L  and  .0079 
ngA  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 


represent  an  Agency  judgment  on  sc 
“acceptable"  risk  leveL 

Polynuclear  Aromatic  Hydrocarbons 
(PAHs) 

Freshwater  Aquatic  Life 

The  limited  freshw-Bler  data  base 
available  for  polynucletr  aromatic 
hydrocarbons,  mostly  from  short-terrr 
bioconcentratioo  studies  with  twe 
compounds,  does  not  permit  a  rtaterc 
concerning  acute  or  chronic  toxicity- 

. .  Saltwater  Aquatic  Life 

The  available  data  for  polynncleir 
aromatic  hydrocarbons  indicate  that 
acute  toxidty  to  sal'water  aquatic  L. 
occurs  at  concentrations  as  low  as  C 
ug/1  and  would  occur  at  lower 
concentrations  among  spedes  that  a.~ 
more  sensitive  than  the  se  tested.  Nr 
data  are  available  concerning  the 
chronic  toxicity  cf  polynudear  a.* or.; 
hydrocarbons  to  sensitive  saltwater 
aquatic  life. 

Human  Health 

For  die  maximum  protection  of  burr 
health  from  the  potential  carcinogen;  - 
effects  due  to  exposure  of  PAHs  tare 
ingestion  of  contaminated  water  ar.d 
contaminated  aquatic  organisms.  tir 
ambient  water  concentration  should 
zero  based  on  the  non-thresbcld 
assumption  forthis  chemical.  Ho wrv 
zero  level  may  not  be  attainable  at  tr. 
present  time.  Therefore,  the  levels  w 
may  result  In  incremental  Increase  o  ' 
cancer  risk  over  the  bfetime  are 
estimated  at  10~*.  10~*.  and  10"’.  Tb 
corresponding  criteria  are  28  ng'i.  2  ’ 
ng/L  and  2b  ng/1.  respectively.  I;  ti*.  - 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  cr 
excluding  consumption  of  water,  the 
level*  are  311  ng A.  31 J  ngA-  and  311 

'  ng/l.  respectively.  Other  concentre ti- 
representir.g  different  nsk  levels  me;, 
calculated  by  use  of  the  Guidelines.  1 
risk  estimate  range  is  presented  for 
Information  purposes  and  does  net 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  level. 

Selenium 

Freshwater  Aquatic  Life 

Tar  total  recoverable  inorganic 
selenite  the  criterion  to  proted 
freshwater  aquatic  life  as  derrvei  us., 
the  Guidelines  is  35  jig/1  as  a  24-bcmr 
average  and  the  concentration  shculr 
not  exceed  260  pgA  at  any  time. 

The  available  osta  for  inorganic 
seienate  indicate  that  acute  toxicity  t: 
fc-rsbwater  aquatic  life  occurs  at 
concentrations  as  low  as  760  pg/I  ar.d 
would  occur  at  lower  concentrations 
among  spedes  that  are  more  sensitive 
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than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of 
Inorganic  selenate  to  sensitive 
freshwater  aquatic  life-  '  - 

Saltwater  Aquatic  Life  . .  •  j  7y. 

For  total  recoverable  Inorganic  * ~ 
selenite  the  criterion  to  protect  saltwater 
‘  aquatic  life  as  derived  using  the 
Guidelines  Is  54  >ig/l  as  a  24-hour  - 
average  the  concentration  should 
hot  exceed  410  pg/1  at  any  time. 

No  data  are  available  concerning  the 
toxicity  oflnorganlc  selenate  to- 
saltwater  aquatic  Ufa..  *  _  -v\  / 

Human  Health  •  • 

The  ambient  water  quality  criterion 
for  selenium  is  recommended  to  be 
Identical  to  the  existing  drinking  water 
standard  which  is  10  pg~/L  Analysis  of 
the  toxic  effects  data  resulted  in  a 
calculated  level  which  is  protective  of 
human  health  against  the  ingestion  of  f 
contaminated  water  and  contaminated 
aquatic  organisms!  The  calculated  value 
is  comparable  to  the  present  standard. 
For  reason  a  selective-criterion 
based  on  exposure  solely  from, 
consumption  of  8-5  grams  of  aquatic  . 
organisms  was  no.l  derivetL..  ^  y\^j ! 


--Silver  .  --  -  i 'r^Xyrv^r 

.  Freshwater  Aquatic  Life  - 

*  -For  freshwater  aquatic  life  the  ^^.-jV- 
--  concentration  fin  pg/I)  of  total  * 

recoverable  silver  should  not  exceed  the  ' 
^numerical  value  given  by  “e[1.72(ln  . 

■  (bajrdcess}-&52)J“  at  any  time.  For  :/-./> 
example,  at  hardnesses  of  50.  ICO .200  - 
mg/1  as  CaCOr  the  concentration  of. 
total  recoverable  silver  should  not  1  I-V 
-  exceed  1.2. 4.1.  and  13  pg/l  respectively. 

at  any  time.  The  available  data  indicate 
. '  that  chronic  toxicity  to  freshwater  F  - '  -' 
aquatic  life  may  occur  at  concentraSSns  ' 
as  low  as  0.12  pg/L  -  - 

.  Saltwater  Aquatic  Life  *•?*  ;V  •*-  V-' 

For  saltwater  aquatic  life  the  y 
t.  concentration  of  total  recoverable  silver  ' 
should  not  exceed  ZJ  pg/l  at  any  time. 

No  data  are  available  concerning  the  7,  ' 
'  chronic  toxicity  of  silver  to'  sensitive ' 

.  saltwater  aquatic  life-  ..vF-y'f** 

•  '  „  -  _»  ..  ,  •. 

,  Human  Health 

•  The  ambient  water  quality  criterion 
for  silver  is  recommended  to  be 
identical  to  the  existing  drinking  water 
standard  which  is  50  pg/L  Analysis  of 
.  the  toxic  effects  data  resulted  In  a  -  ;r  . 
calculated  level  which  Is  protective  of  =• 
human  health  against  the  ingestion  of  • 
contaminated  water  and  contaminated  : 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard.  -  . 
For  this  reason  a  selective  criterion  . 
based  on  exposure  solely  from 


consumption  of  6-5  grains  of  aquatic 
organisms  was  not  derived. 

•  Tetrachloroethylene  . 

Freshwater  Aquatic  Life  -  • 

■'  The  available  data  for 
tetrachloroethyleae  Indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  life  occur  at  concentrations  as 
•low  as  5^30  and  840  pg/1  respectively. 

■  and  would  occur  at  lower 
concentrations  among  species  that  are 
.  more  sensitive  than  those  tested. 

•  t  ‘  •  *  p  '  •  ■»  „\a-  .  .  f  *. 

'Saltwater  Aquatic  Life  '  _ 

The  available  data  for 
_  tetrachloroethylene  indicate  that  acute 
and  chronic  toxicity  to  saltwater  aquatic 
life  occur  at  concentrations  low  as 
10.200  and  450  pg/L  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 

•  than  those  tested.  •  - 

*  *  ■'  W'  * 
-Human  Heclth  ■" 

.  For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
.effects  due  to  exposure  of 
.  tetrachloroethylene  through  ingestion  of 
contaminated  water  and  contaminated  - 
r-  aquatic  organisms,  the  ambient  water 

-  concentration  should.be  zero  based  on 

•  the  non-threshold  assumption  for  this 
•-  chemical  Howeves,  zero  level  may  not 

-  be  attainable  at  the  present  time. 

.■  Therefore,  the  levels  which  may  result  In 
Incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10"*.  10*  \ 

=•  and  ltrT.  The  corresponding  criteria  are 
8  fig/1 .8  pg/l  and  -.08  pg/1,  respectively. 
_L1I  the  above  estimates  are  made  for 
:  consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
.levels  are  83.5 pg/1  8.85  pg/1.  and  .88 
*•  pg/l  respectively.  Other  concentrations 
.'  representing  different  risk  levels  may  be 
C  calculated  by  use  of  the  Guidelines.  The 
■••risk  estimate  range  is  presented  for  -  - . 

»  information  purposes  and  does  hot  - 
represent  an  Agency  Judgment  on  an 
-vTacceptable"  risk  leveL. 

... .  er.  *  /  ,  *  . 

'ThsHfum  'r~ ''  . 


aquatic  Ufa  occurs  at  concentrations  as 
low  as  2.130  pg/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
_{ested.  No  data  are  available  concern:.-. 
_the  chronic  toxicity  of  thallium  to 
aensitive  saltwater  aquatic  life. 

Human  Health 

•  For  the  protection  of  human  health 
from -the  tnxic  properties  of  thallium 
.  Ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  Is  determined  i 
b«  13  pg/L  '  ;  " 

For  the  protection  of  human  health 
from  the  toxic  properties  of  thallium 
Ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  Is  determined  to  be  48  pg/L 

Toluene  ' 

Freshwater  Aquctic  Life  \ 

*.  The  available  data  for  toluene 
Indicate  that  acute  toxicity  to  freshwst^ 
aquatic  life  occurs  at  concentrations  as 
low  M  17,500  pg/1  and  would  occur  at 
lower  concentrations  among  species' 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concern: r 
the  chronic  toxicity  of  toluene  to 
sensitive  freshwater  aquatic  life. 

Saltwater  \quatic  Life  - 

^Tbe  available  data  for  toluene 
indicate  that  acute  and  chronic  toxicity 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  8.300  and  SSZ 
pg/1.  respectively,  and  would  occur  s’, 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  • 


.  Freshwater  Aquatic  Life 

7  The  available  data  for  thallium 
indicate  that  acute  and  chronic  toxidty 
'to  freshwater  aquatic  life  occur  at  ' 
concentrations  as  low  as  1,400  and  40  • 
ug/1.  respectively,  and  would  occur  at  * 
■  lower  concentrations  among  species 
.  that  are  more  sensitive  than  those 
'  tested.  Toxidty  to  one  spedes  of  fish. 

.  occurs  at  concentrations  as  low  as  20 
pg/1  after  2.600  hours  of  exposure.  " 

Saltwcter  Aquatic  Life  -  .  . 

The  available  dau  for  thallium 
indicate  that  acute  toxicity  to  aaltwater 


-  Human  Health 

For  the  protection  of  human  health 
from  the  toxic  properties  of  toluene 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 

-  *  ambient  water  criterion  is  determined  !. 

be  14.3  mg/L  . 

•  For  the  protection  of  human  health 
from  the  toxic  properties  of  toluene 
Ingested  through  contaminated  aquatic 
'  organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  424  mg/1. 


Toxaphene  '  ’ 

Freshwater  Aquatic  Life 

For  toxaphene  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  usLr.g 
the  Guidelines  la  0.013  ^g/1  as  b  24-hour 
average  and  the  concentration  should 
not  exceed  IA  pg/1  at  any  time. 

Saltwater  Aquatic  Life 

Tor  aaltwater  aquatic  life  the 
concentration  of  toxaphene  should  not 
exceed  0.070  pg/1  at  any  time  No  data 
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ar*  available  concerning  the  chronic 
toxicity  of  toxsphene  to  sensitive 
saltwater  aquatic  life. 

Homan  Health 


For  the  maximum  protectio-  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  toxaphene 
through  ingeation  of  contaminated  water 
and  contaminated  aquatic  organitmi, 
the  ambient  water  concentration  should 
be  zero  baaed  on  the  non-threshbld 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  In  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10'M(T',aad  1CT’.  The 
corresponding  criteria  are  7.1  ng/L  .71  ■ 
ng/l  and  -C7  ng/l  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  7.3  ng/l  -73  ng/l  and  .07  ng/l 
respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
.calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for  - 
information  purposes  and  does  not 
represent  en  Agency  judgment  on  an 
“acceptable"  risk  level  V 

Trichloroethylene  ,  • 

Freshwater  Aquatic  Ufe  '  • 

The  available  data  for ~  f  .  - 

trichloroethylene  Indicate  that  acute 
‘oxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  4SDQQ  fig/1 
and  would  occur  at  lower  . .  r. 

concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the  •  ■ 
chronic  toxicity  of  trichloroethylene  to  ' 
aenaitive  freshwater  aquatic  life  but  . 
advene  behavioral  effects  occun  to  one 
•pedes  at  concentrations  as  low  at  -  ' 
21,900  pg/l-.  -  "  '■*:  -  :  ' ~ 

.•  V  -  yc  ’  • 

Saltwater  Aquatic  Ufe  •  m  -w  '  - '  - 


The  available  data  for  •  ■' 
trichloroethylene  Indicate  that  acute' 
toxicity  to  aaltwater  aquatic  life  occurs  ' 
at  concentrations  as  low  as  2.000  pg/l 
and  would  occur  at  lower  ’  -  - 
concentrations  among  species  that  are  ’  ' 
more  aensitive  than  those  tested.  No^ 
data  are  available  concerning  the  - 
chronic  toxicity  of  trichloroethylene  to  ,/ 
•ensltive  aaltwater  aquatic  Efe.^  -  . 


Human  Health 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  •  ■ 
trichloroethylene  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 


the  noD-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
Incremental  Increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10'*,  10'*. 
and  ltr’.  The  corresponding  criteria  are 
27  pg/L  2-7  pg/l  and  .27  pg/L 
respectively.  If  the  above  estimates  art 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  B0?  pg/L  80.7 
pg/l  and  8.07  pg/l  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
'  the  Guidelines.  The  risk  estimate  range 
is  presented  for  Information  purposes  . 
and  does  not  represent  ah  Agency 
judgment  on  an  “acceptable”  risk  level 

Vinyl  Chloride 

Freshwater  Aquc tic  Ufe 

-No  freshwater  organisms  have  been 
tested  with  vinyl  chloride  and  no 
statement  can  be  made  concerning  acute 
or  chronic  toxicity.  •  -  - 

Saltwater  Aquatic  Ufe  '■  “•  .  '  • 

*No  »a]twater  organisms  have  been 
.  tested  with  vinyl  chloride  and  no 
atatement  can  be  made  concerning  acute 
.  or  chronic  toxidty.  .  _ 

Human  Health  . ' .  \  *  :  * ; 

-  "  For  the  maximum  protection  of  human’ 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  vinyl  chloride 
,  through  Ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
'-the  ambient  water  concentration  should 
.  be  zero  based  on  the  non-threshold 
assumption  foT  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
•present  time.  Therefore,  the  levels  which 
"mayrrsult  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are  - 
estimated  at  10'MCT*,  and  10"l  The  '  ■ 

•  corresponding  criteria  are  20  pg/L  2-0  ■  . 

pg/l  and  ,2  pg/l  respectively.  If  the 
~  above  estimates  are  made  for 
consumption  of  aquatic  organisms  only. 

,  excluding  consumption  of  water,  the 
levels  are  5^45  ug/l  525  pg/l  and  52.5 
pg/l  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
;•  risk  estimate  range  is  presented  for 
information  purposes  end  does  not  - 
represent  an  Agency  judgment  on  an 
“acceptable*  risk  leveL  '  -  *. 

Zinc  r,"  / 

Freshwater  Aquatic  Ufe 

For  total  recoverable  zinc  the  criterion 
to  protect  freshwater  aquatic  life  as 
derived  using  the  Guidelines  Is  47  pg/l 
as  a  24-bour  average  and  the 
concentration  {In  pg/l)  should  not 
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exceed  the  numerical  value  given  by 
e1*  n  tw*—)l  ♦  rw  4t  uy  b=ie.  jr- 

example,  at  hardnesses  of  5a  100.  s: 
2D0  mg/1  as  GaCO.  the  concentratior 
total  recoverable  zinc  should  Dot  ex 
180.  320,  and  570  ;.g/l  at  any  time. 

Saltwater  Aquatic  Ufe 

For  total  recoverable  zinc  the  exit- 
to  protect  aaltwater  aquatic  life  as 
derived  using  the  Guidelines  Is  58  pg 
as  a  24-hour  average  and  the 
concentration  should  not  exceed  17: 

1  at  any  tine. 

Human  Health 

Sufficient  data  is  not  available  fe  ¬ 
rine  to  derive  a  level  which  would 
protect  against  the  potential  toxic: 
this  compound.  Using  available 
organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quali ry  . 
ambient  wBter.  the  estimated  level 
mg/1.  It  should  be  recognized  tbs*, 
organoleptic  data  as  a  basis  for 
*  establishing  a  water  quality  enteric 
have  limitations  and  have  not 
demonstrated  relationship  to  poter.-- 
adverse  human  health  effects. 

Appendix  B- — Guidelines  for  Derivi 
Water  Quality  Criteria  for  the  Prci 
of  Aquatic  Lila  and  Its  Uses 

Introduction 

This  veriion  of  the  Guidelines 
provides  clarifications,  additional 
details,  and  technical  and  editorial 
changes  In  the  last  version  publish e 
the  Federal  Register  [44  FR  15970  O 
15. 1979)].  This  version  incorpo— : 
changes  resulting  from  commen: 1 
previous  versions  and  from  expe.-. 
gained  during  U.S  EPA'i  use  of  the 
previous  versions.  Futu;  •  versicc* 
Guidelines  will  incorporate  new  id. 
and  data  as  their'  usefulness  it 
demonstrated. 

Criteria  may  be  expressed  in  set 
forms.  The  numerical  form  is  comrr. 
used,  but  descriptive  end  procedur: 
forms  can  be  used  if  numerical  critt 
ere  not  possible  or  desirable.  The 
purpose  of  these  Guidelines  is  to 
describe  an  ODjective,  internally 
consistent  and  appropriate  way  of 
deriving  numerica1  water  quality  cr. 
for  the  protection  of  the  uses  of.  e«  • 
as  the  presence  of.  aquetic  ergamsr 

A  numericel  criterion  might  be 
thought  of  as  ai  estimate  of  the  big 
concentration  c  f  a  substance  in  wa 
which  does  not  present  a  signifies r 
to  the  aquatic  organisms  in  the  ws- 
and  their  uses.  Thus  the  Guideline! 
intended  to  derive  criterie  which  v. 
protea  aquatic  communities  by 
protecting  most  of  the  species  and  i 
uses  most  of  the  time,  but  not 
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SUMMARY 


) 

SNARLS 

-  '  i 

Assumptions : 

1.  Looking  at  sensitive  population. 

2.  Using  a  chili  weighing  10  kg.  who  drinks  one  liter  of  water 

per  day.  , 

3.  Considering  only  toxic  effects. 


C? 


Compound 

Length 

of  Exposure 

1  day 

7  days 

10  days  1  month 

life-time 

trichloroethylene 

2  mg/1 

200  ug/1 

75  ug/1 

tetrachloroethylene 

2.3  mg/1 

180  ug/1 

40  ug/1 

1,1, 1-trichloroethane 

.  ■  V  • 

7  V  «g/i 

benzene 

350  ug/1 

* 

polynuclear  aromatic 
hydrocarbons 

25  ug/1 

Cancer  Risks 

Assumptions  j 

% 

’•  / 

1.  There  is  some  risk  at  any  level  of  exposure,  and  the  risk  increases 
as  lifetime  exposure  increases. 

2.  Using  70  kg.  adult  living  70  years  who  drinks  two  liters  of  water 


Six  in  10-6 


20  ug/1 


per  day. 


Compound 

trichloroethylene 

tetrachloroethylene 


Excess  Risk 


One  in  10-®  Two’  in'  10-® 


45  ug/1 
35  ug/1 


75  ug/1 


#. 


J-37 


P,r a - 1  SNARLS  (nct)to  be  released) 

Assumptions: 

1.  Looking  at  sensitive  population. 

2.  Using  a  child  weighing  10  kg.  who  drinks  one  liter  of  water 
per  day. 

3.  Considering  only  toxic  effects.  , 


Compound 

Lenoth  of  Exnosure 

1  day  7 

days  *  10  days’  V  month 

life-time 

methylene  chloride 

13  mg/1 

1.3- 1.5  mg/1 

150  ug/1 

carbon  tetrachloride 

200  ug/1. 

20  ug/1 

■  •  - 

toluene  ... 

•. .  . 

*  » 

1  mg/1  : 

methyl  ethyl  ketone 

1  mg/1 

•  •  •  •_  •  •  - 

acrylonitrile 

35  ug/1  3  ug/1 

polychlorinated  biphenyls 

1  ug/1 

0.3  ug/1 

dibromochloropr opano 

0,05  ug/1 

1 ,4-dioxana 

20  ug/1 

xylenes 

12  mg/1 

f  1.4  mg/1 

620  ug/1 

chlordana 

63  ug/1 

63  ug/1  ’’ 

8  ug/1 

1.1  Dichloroethylene 

1.0  mg/1 

70  ug/1 

Trana-1,2  Dichloroethylene 

2.7  mg/1 

0.27  mg/1 

Cis-1,2  Dichloroethylene 

4,0  mg/1 

0.40  mg/1 

Ethylene  Glycol 

19  mg/1 

5.5  mg/1 

-4 


SNARL  For  Trichloroethylene 

Health  Effects  Branch,  Criteria  and  Standards  Division 
Office  of  Drinking  Water 
U.S.  Environmental  Protection  Agency 
Washington,  D.C.  20460 

The  Office  of  Drinking  Water  has  reviewed  the  current  literature 
on  the  health  effects  of  trichloroethylene.  Both  data  from 
animal  tests  and  some  studies  from  high  level  exposure  in 
humans  were  used  as  basis  for  extrapolating  to  levels  in 
drinking  water  that  would  result  in  negligible  risks  to  the 
general  human  population.  When  considering  toxicity  that 
does  not  include  the  risk  of  cancer,  we  generally  use  a 
child  weighing  10  kg  (22  pounds)  and  drinking  one  liter  of 
water  per  day  as  Che  basis  for  calculations  of  short  exposure 
(acute)  toxicity  and  longer  exposure  (chronic)  toxicity. 

These  levels  are  derived  using  safety  factors  from  classical 
toxicology  and  a  logic  similar  to  that  used  by  the  National 
Academy  of  Sciences  in  "Drinking  Water  and  Health."  When 
considering  the  possible  cancer  risk,  where  it  is  assumed 
that  there  is  some  risk  at  any  level  of  exposure,  and  that 
the  risk  increases  as  the  lifetime  exposure  increases,  we 
use  the  70  kg  (154  pounds)  adult  living  70  years  who  drinks 
two  liters  of  water  as  the  base,  and  calculate  the  excess 
cancer  risk  above  the  normal  background  according  to  a 
mathematical  model  developed  by  the  National  Academy  of 
Sciences  in  "Drinking  Water  and  Health,"  and  based  on  animal 
tests  conducted  by  the  National  Cancer  Institute. 

The  drinking  water  levels  that  we  have  calculated  providing 
a  margin  of  safety  from  likely  toxic  effects  in  humans 
(assuming  that  100!  of  the  exposure  is  from  drinking  water) 
were  related  .to  Chi  length,  of  time  that  water  is  being 
consumed,  and  range  from  short-term  emergency  levels  to 
long-term  chronic  exposure.  We  have  separately  computed  the 
potential  additional  cancer  risk. 
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The  computed  drinking  water  guidance  levels  for  effects 
excluding  cancer  risks  are  as  follows: 

Time  Concentrat i on 

1  day  2  mg/1 

10  days  0.2  mg/1  (200  ug/1) 

Chronic  (long-term)  75  ug/1 

The  computed  excess  lifetime  cancer  risks  from  the  NAS  model 
at  various  exposures  assuming  the  70  kg  adult  drinking  two 
liters  of  water  per  day  for  70  years  at  the  indicated  concen¬ 
tration  are  as  follows: 

Concentration  Excess  Risk 

one  in  1 ,000,000 

one  in  100,000 

approximately  two  in  100,000 

The  development  of  a  SNARL  for  trichloroethylene  does  not 
condone  its  presence  in  drinking  water,  but  rather  provides 
useful  information  to  guide  control  priorities  in  cases 
where  it  is  found  as  a  cont ami nant .  Human  exposure  to 
contaminants  in  drinking  water  such  as  trichloroethylene 
should  be  reduced  to  the  extent  feasible,  to  avoid  the 
unnecessary  risks  from  their  presence  as  adulterants.  The 
applicable  treatment  technologies  include  aeration  and 
granular  activated  carbon. 


4. 5  ug/1 
45  ug/1 
75  ug/1 


